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1ୈ 1ষ
ং࿦
1.1 ݚڀഎܠ
ۙ೥ɼՈఉɾاۀɾެڞަ௨ػؔɾҿ৯ళͳͲʹ͓͍ͯɼΠϯλʔωοτ΁ͷϫΠΞϨ
εɾΞΫηεखஈͰ͋Δແઢ LAN͕ීٴ͍ͯ͠Δɽແઢ LAN͸ɼ(1)؆қͳػثͰωο
τϫʔΫͷߏஙɾ֦ு͕Ͱ͖Δɼ(2)༗ઢ LANͱൺ΂Δͱ෺ཧతͳ߆ଋ͕গͳ͍ɼ(3)ి
೾͕ಧ͘ൣғ಺Ͱ͋Ε͹ҠಈதͰ΋αʔϏεΛར༻Ͱ͖ΔɼͳͲͷར఺Λ༗͍ͯ͠Δɽ࠷
ۙͰ͸ɼ2020೥ͷ౦ژΦϦϯϐοΫ։࠵ʹ޲͚ͯɼ૯຿ল΍֤࣏ࣗମͳͲ΋ੵۃతʹެ
ऺແઢ LANͷ੔උΛਪਐ͓ͯ͠Γɼͦͷ݁Ռɼڱ͍ΤϦΞʹଟ਺ͷແઢ LAN͕ߴີ౓
Ͱ഑ஔ͞ΕΔঢ়ଶ͕ੜ͍ͯ͡Δ [1]ɽλϒϨοτ୺຤౳ͱεϚʔτϑΥϯΛWi-FiͰ઀ଓ
͠ɼܞଳి࿩ճઢͰΠϯλʔωοτʹ઀ଓ͢ΔςβϦϯάͰ͸ɼεϚʔτϑΥϯ͸ແઢ
LANΞΫηεϙΠϯτʢAccess Point: APʣͱͯ͠ػೳ͢Δ͜ͱ͔ΒɼσβϦϯάͷීٴ
͸ແઢ LANͷີूঢ়گʹഥंΛ͔͚Δ݁Ռͱͳ͍ͬͯΔɽ
2.4GHzଳΛར༻͢Δ IEEE 802.11gͱ IEEE 802.11bͰ͸ɼޓ͍ʹӨڹΛड͚ͣʹಉ࣌
ʹར༻Ͱ͖Δप೾਺ଳ͸ߴʑ 4 ͔ͭ͠ͳ͍ʢ5GHz ଳʹ͓͍ͯ͸ɼׯবͤͣʹಉ࣌ʹར
༻Ͱ͖Δप೾਺ଳ͸ 19ݸଘࡏ͢ΔʣɽAP͕ߴີ౓ʹ഑ஔ͞ΕΔͱɼ͍ۙڑ཭ʹ͋Δແઢ
LAN͕ޓ͍ʹಉ͡प೾਺ଳΛڞ༗͢ΔՄೳੑ͕ੜ͡ɼͦͷ৔߹ɼਂࠁͳి೾ׯব͕ൃੜ
͢Δʢਤ 1.1ʣ[2]ɽಉ͡ແઢ LAN Λར༻͢Δ୺຤ؒʹՃ͑ͯɼʢಉ͡प೾਺ଳΛڞ༗͢
ΔʣҟͳΔແઢ LANΛར༻͢Δ୺຤ؒͰ΋ଳҬͷୣ͍߹͍ʹΑΔϑϨʔϜিಥ͕සൃ͠ɼ
ϑϨʔϜ࠶ૹʹΑΔ఻ૹ஗Ԇ΍όοϑΝҲΕʹΑΔϑϨʔϜଛࣦ͕ੜ͡΍͘͢ͳΔɽ͜ͷ
Α͏ͳঢ়گʹ͓͚Δແઢ LANͷεϧʔϓοτੑೳ͸ඞͣ͠΋໌Β͔ʹ͞Ε͓ͯΒͣɼγ
ϛϡϨʔγϣϯʹΑΔධՁʹՃ͑ͯղੳతʹεϧʔϓοτੑೳΛ஌Δखஈ͕ॏཁʹͳΔͱ
ߟ͑ΒΕΔɽ
୯Ұͷແઢ LAN ͷੑೳղੳʹ͸ɼ୺຤ͷঢ়ଶΛόοΫΦϑΧ΢ϯλͱόοΫΦϑε
ςʔδʢ࿈ଓͨ͠࠶ૹ৴ͷճ਺ʣͷೋͭͰදݱ͢Δ BianchiϞσϧ [3]͕༻͍ΒΕΔ͜ͱ
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͕ଟ͍ɽ͋Δ࣌఺Ͱͷ֤୺຤ͷঢ়ଶΛ༩͑Δͱɼ͜ΕҎ߱ͷঢ়ଶมԽ͕཭ࢄ࣌ؒϚϧίϑ
࿈࠯ʹΑΓϞσϧԽ͞ΕΔɽ͜ͷख๏Λ༻͍ͨϞσϧ͸ɼ֤୺຤͕๞࿨ঢ়ଶʢ୺຤͕ৗʹ
ૹ৴ϑϨʔϜΛ࣋ͭঢ়ଶʣͰߴ͍ਫ਼౓Λࣔ͢͜ͱ͕஌ΒΕΔɽ͔͠͠ɼݱ࣮ͷ௨৴Ͱ͸
σʔλ͸ؒܽతʹૹΒΕΔͷͰɼ௨৴୺຤͸Ұൠʹඇ๞࿨ঢ়ଶʹ͋ΔɽBianchiϞσϧͷ
ඇ๞࿨ঢ়ଶ΁ͷ֦ு΋ఏҊ͞Ε͍ͯΔ͕ɼ BianchiϞσϧΛϕʔεͱͨ͠ඇ๞࿨ঢ়ଶͷղ
ੳ͸೉ղʹͳΔɽಛʹɼඇ๞࿨ঢ়ଶʹ͓͍ͯ͸ɼຊ࣭తʹ୺຤಺෦ʹܗ੒͞ΕΔϑϨʔϜ
ͷ଴ͪߦྻ௕ͷղੳ͕ඞཁͰ͋Δ͕ɼBianchiϞσϧʹجͮ͘଴ͪߦྻ௕ͷղੳ͸ඇৗʹ
ෳࡶͰ͋Γɼܭࢉྔ΋ଟ͍ɽ
प೾਺ଳΛڞ༗͢Δෳ਺ͷແઢ LAN ͕ີूͯ͠ଘࡏ͢Δ؀ڥΛѻ͏ʹ͸ɼϚϧν
ϗοϓແઢ LAN ͱಉ౳ͷղੳख๏͕ඞཁʹͳΔɽϚϧνϗοϓແઢ LAN ͷղੳʹ͸ɼ
Bianchi ϞσϧΑΓ΋୺຤ͷঢ়ଶΛૈ͘දݱ͢ΔϚΫϩϞσϧ͕༻͍ΒΕΔ͜ͱ͕ଟ͘ɼ
Ұൠʹɼղੳ͸༰қͰ͋Δɽ͔͠͠ɼඇ๞࿨ঢ়ଶΛߟྀͰ͖ͳ͔ͬͨΓɼ୺຤಺෦ͷϑ
ϨʔϜͷ଴ͪߦྻ͕ߟྀ͞Ε͍ͯͳ͔ͬͨΓ͢Δέʔε͕ଟ͍ɽ
·ͨɼແઢ LANΛར༻͢Δ୺຤ͷϑϨʔϜαΠζ͸ΞϓϦέʔγϣϯʹґଘ͢Δɽྫ
͑͹ɼԻ੠௨࿩Ͱ͸௿஗ԆͰ͋Δ͜ͱ͕ॏཁͳͷͰɼԻ੠௨࿩ΞϓϦέʔγϣϯͰ͸਺ඦ
όΠτఔ౓ͷ୹͍ UDPϑϨʔϜΛ༻͍ΔɽҰํɼಈը഑৴ΞϓϦέʔγϣϯ͸ɼߴ඼࣭
͔ͭ҆ఆతͳσʔλϑϩʔΛྲྀͨ͢Ίɼ1500όΠτͷ TCPϑϨʔϜΛར༻͢Δ͜ͱ͕ଟ
͍ɽ·ͨɼແઢ LANͰ͸ɼྼѱͳར༻؀ڥͷͨΊߴ଎ͳ఻ૹ଎౓Λҡ࣋͢Δ͜ͱ͕ࠔ೉
ͳ৔߹ʹ͸ɼ௿଎ͳ఻ૹ଎౓΁੾Γସ͑ɼٯʹɼ௨৴؀ڥ͕༏ΕΔ৔߹ʹ͸ɼߴ͍఻ૹ଎
౓΁มߋΛߦ͏ϚϧνϨʔτ੍ޚ͕ߦΘΕΔɽ͜ͷΑ͏ʹɼݱ࣮ʹ͸ϑϨʔϜ௕΍ϑϨʔ
Ϝૹ৴଎౓͕୺຤ʹΑͬͯҟͳΔ͕ɼϑϨʔϜ௕΍ϑϨʔϜૹ৴଎౓ͷ୺຤ґଘੑΛߟྀ
Ͱ͖ΔղੳϞσϧ͸গͳ͍ɽ
ਤ 1.1: ۜ࠲Ӻपลͷެऺແઢ LANͷి೾ׯবঢ়گ
1.2 ݚڀ໨త 3
1.2 ݚڀ໨త
લઅͰड़΂ͨطଘݚڀͰ͸ະରԠͷ՝୊ͷղܾΛ໨తͱͯ͠ɼຊ࿦จͰ͸ʢ1ʣ୺຤಺
ͷϑϨʔϜ଴ͪߦྻ௕Λߟྀͨ͠ඇ๞࿨ঢ়ଶੑೳධՁख๏ɼʢ2ʣෳ਺ແઢ LANଘࡏ؀ڥ
ʹ͓͚ΔੑೳධՁख๏ɼʢ3ʣϑϨʔϜ௕΍ϑϨʔϜૹ৴଎౓ͷ୺຤ґଘੑΛߟྀͨ͠ੑೳ
ධՁख๏ΛͦΕͧΕఏҊ͢Δɽ
·ͣʮ଴ͪߦྻ௕Λߟྀͨ͠ඇ๞࿨ঢ়ଶੑೳධՁख๏ʯʹ͍ͭͯ͸ɼ୺຤ͷঢ়ଶΛগ਺
ͷϚΫϩঢ়ଶʢνϟωϧΞΠυϧঢ়ଶɼૹ৴ঢ়ଶɼΩϟϦΞηϯεঢ়ଶʣʹॖ໿ͯ͠දݱ
͢Δ͜ͱͰैདྷख๏ͷ໰୊఺ʹରԠ͢Δɽ୺຤ͷঢ়ଶͷॖ໿දݱΛ༻͍Δ͜ͱͰɼ୺຤಺
ͷϑϨʔϜ଴ͪߦྻ௕Λߟྀͨ͠৔߹ʹ͓͍ͯ΋ঢ়ଶ਺ͷա౓ͷ૿େΛ཈͑ΒΕɼ୺຤ͷ
ঢ়ଶͱ଴ͪߦྻ௕ͷมԽΛ࿈ଓ࣌ؒϚϧίϑ࿈࠯Ͱ௥͏͜ͱ͕ՄೳʹͳΔɽ͜ΕʹΑΓɼ
ैདྷɼ೉ղͰ͋ͬͨඇ๞࿨ঢ়ଶʹ͓͚ΔϑϨʔϜ଴ͪߦྻ௕ͷղੳ͕༰қʹͳΔ͜ͱΛࣔ
͢ʢ3ষʣɽ
͍࣍Ͱɼ্هͷੑೳධՁख๏Λʮෳ਺ແઢ LANଘࡏ؀ڥʹ͓͚ΔੑೳධՁʯʹ΋ద༻
͢Δɽຊ࿦จͰ͸ɼෳ਺ͷςβϦϯάϢʔβ͕ޓ͍ʹۙ͘ʹ͍Δঢ়گΛ૝ఆ͠ɼ্هͷੑ
ೳධՁख๏Λద༻͢Δ͜ͱͰɼ֤Ϣʔβͷεϧʔϓοτੑೳ͕ద੾ʹධՁͰ͖Δ͜ͱɼͳ
Βͼʹɼෳ਺ͷςβϦϯάϢʔβ͕ଘࡏ͢Δ؀ڥͰ͸ɼςβϦϯάϢʔβؒͷి೾ׯবʹ
ΑΓɼҰ෦ͷϢʔβͷεϧʔϓοτ͕ۃ୺ʹ௿Լ͢Δݱ৅͕ΈΒΕΔ͜ͱΛࣔ͢ʢ4ষʣɽ
࠷ޙʹɼ্هͷੑೳධՁख๏Λ֤୺຤ͷϑϨʔϜૹ৴͕࣌ؒҟͳΔέʔεΛѻ͑ΔΑ͏
ʹ֦ு͢ΔɽϑϨʔϜিಥ࣌ͷϑϨʔϜૹ৴࣌ؒʢϑϨʔϜૹ৴தͷ୺຤ʹΑΓνϟωϧ
͕઎༗͞Ε͍ͯΔ࣌ؒʣ͸ɼিಥʹձͬͨϑϨʔϜͷ͏ͪૹ৴ʹ࠷΋͕͔͔࣌ؒΔϑϨʔ
Ϝͷૹ৴࣌ؒʹ౳͍͠ɽিಥΛى͜͢୺຤ͷ૊Έ߹ΘͤΛશͯߟྀͯ͠ɼিಥ࣌ͷϑϨʔ
Ϝૹ৴࣌ؒΛܾఆ͢Δͷ͸༰қͰͳ͘ɼ୺຤਺͕૿͑ΔͱিಥΛى͜͢୺຤ͷ૊Έ߹Θͤ
΋രൃతʹ૿͑Δɽຊ࿦จͰ͸ɼিಥ࣌ͷϑϨʔϜૹ৴࣌ؒΛɼݫີʹ͔ͭগͳ͍ܭࢉྔ
Ͱޮ཰తʹධՁ͢Δख๏Λࣔ͢ʢ5ষʣɽ
1.3 ࿦จߏ੒
Ҏ߱ɼ2ষʹ͓͍ͯ IEEE 802.11ن֨ʹجͮ͘ແઢ LANॾن֨ٴͼؔ࿈ٕज़ͷ֓ཁʹ
͍ͭͯड़΂Δɽ3ষͰ͸୺຤ঢ়ଶͷॖ໿දݱʢϚΫϩঢ়ଶදݱʣΛ༻͍ͨ࿈ଓ࣌ؒϚϧί
ϑϞσϧʹΑΔੑೳධՁख๏ʹ͍ͭͯड़΂ɼఏҊख๏ͷਫ਼౓ΛγϛϡϨʔγϣϯʹΑΓ
ݕূͨ݁͠ՌΛใࠂ͢Δɽ4ষͰ͸ςβϦϯάϢʔβີू؀ڥʹ͓͚ΔੑೳධՁ๏ͷ֓ཁ
ͱɼγϛϡϨʔγϣϯʹΑΔਫ਼౓ݕূ݁Ռʹ͍ͭͯड़΂Δɽ5ষͰ͸ϑϨʔϜૹ৴࣌ؒͷ
୺຤ґଘੑΛߟྀͨ͠ੑೳධՁख๏ͱɼγϛϡϨʔγϣϯʹΑΔਫ਼౓ݕূ݁Ռʹ͍ͭͯड़
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΂Δɽ࠷ޙʹɼ6ষʹ͓͍ͯ࿦จΛ·ͱΊΔɽ
5ୈ 2ষ
ແઢ LANؔ࿈ٕज़
ຊষͰɼݚڀର৅ͱͳΔແઢ LANॾن֨ٴͼؔ࿈ٕज़ʹ͍ͭͯ؆୯ʹઆ໌͢Δɽຊষ
ͷ಺༰͸จݙ [4, 5]ʹࢀߟͯ͠࡞੒ͨ͠ɽ
2.1 IEEE 802.11ॾن֨
IEEE 802.11 [4]͸ɼIEEEʢInstitute of Electrical and Electronics Engineerɿถࠃిؾి
ࢠٕज़ऀڠձʣͷϫʔΩϯάάϧʔϓͰ͋Γɼແઢ LAN࢓༷Λ։ൃ͍ͯ͠Δɽάϧʔϓ
ͷ׆ಈ͸ 1990೥୅ޙ൒͔Β࢝·ΓɼͦΕ͔Β 802.11aɼbٴͼ gΛؚΉෳ਺ͷن֨Խͱͦ
ͷमਖ਼Λߦ͖ͬͯͨɽIEEE 802.11ແઢ LAN͸Wi-Fiͱ΋ݺ͹ΕΔɽݱࡏͰ͸΄΅͢΂
ͯͷύιίϯͱεϚʔτϑΥϯͰඪ४ػೳͱؚͯ͠·Εɼඇৗʹීٴٕͨ͠ज़ͱ͍͑Δɽ
͜ͷઅͰɼ୅දతͳ IEEE 802.11ن֨ʹ͓͍ͯ෺ཧ૚ͱMAC૚ͷҧ͍ʹ͍ͭͯड़΂Δɽ
2.1.1 ແઢ LANن֨
IEEE 802.11b
IEEE 802.11b ͸ʮISM όϯυʯͱݺ͹ΕΔ 2.4GHz ͷप೾਺ଳΛ࢖༻͠ɼߴ଎௨৴ͷ
࣮ݱΛ໨తͱͯ͠ن֨Խ͞ΕͨɽΦϦδφϧͷ IEEE 802.11ن֨Λϕʔεʹ CCKมௐํ
ࣜΛ࠾༻͢Δ͜ͱʹΑΓɼ఻ૹ଎౓͸࠷େ 11Mbpsʹୡͨ͠ɽISMόϯυ͕໔ڐෆཁͷͨ
Ίɼ༷ʑͳػثʹ࢖༻͞Ε͓ͯΓɼඇৗʹࠐΈ߹ͬͨप೾਺ଳͱ͍͑Δɽແઢ LANͷ৔
߹͸ɼ2400ʙ2483.5MHzͷ 83.5MHzͷଳҬ෯Λ࢖༻͠ɼ5MHzִؒͰ 13νϟωϧ͕༻
ҙ͞Ε͍ͯͯɼ೔ຊͷ৔߹͸ 2471ʙ2797MHzͷ̍νϟωϧΛՃ͑ͯ 14νϟωϧ͕࢖༻
ՄೳͰ͋Δɽͨͩ͠ɼಉ͡৔ॴͰ࢖༻͢Δ৔߹ɼׯবΛආ͚ΔͨΊʹ 3νϟωϧɼ࠷େ 4
νϟωϧʢ೔ຊͷΈʣ·Ͱಉ࣌ʹ࢖༻Ͱ͖Δɽ
802.11bʹ͸ɼ1ɼ2ɼ5.5ɼ11Mbpsͷ 4ͭͷ఻ૹϨʔτ͕نఆ͞Ε͍ͯΔɽ
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IEEE 802.11a
IEEE 802.11a ͸ U-NII όϯυͷ 5GHz ଳΛ࢖༻͍ͯ͠ΔɽมௐํࣜΛ OFDM ʢOr-
thogonal Frequency Division Multipleʣ ʹ͢Δ͜ͱʹΑΓ࠷େ 54Mbps ͷ఻ૹ଎౓΁ͱ
ඈ༂తʹ৳ͼͨɽ5GHzଳʹ͸ 5180ʙ5320MHzɼ5500ʙ5700MHzʹ 20MHzִؒͰ 19
νϟωϧ͕༻ҙ͞Ε͍ͯΔɽ֤νϟωϧͷप೾਺ଳ͸׬શʹಠཱ͓ͯ͠Γɼ802.11b/gʹ
ൺ΂ͯׯবΛड͚ʹ͘͘ɼൺֱతʹ҆ఆͨ͠௨৴Λߦ͏͜ͱ͕Ͱ͖Δɽͨͩ͠ɼ802.11a
͕࢖༻ͨ͠Ұ෦ͷνϟωϧ͸ؾ৅Ϩʔμʔ΍ߤۭػͷϨʔμʔͱप೾਺Λڞ༻͍ͯ͠Δͨ
Ίɼి೾๏ʹΑΓ԰֎ͷར༻ʹ͸੍ݶ͕͋Δɽ
802.11aʹ͸ɼ6ɼ9ɼ12ɼ18ɼ24ɼ36ɼ48ɼ54Mbpsͷ 8ͭͷ఻ૹϨʔτ͕نఆ͞Εͯ
͍Δɽ
IEEE 802.11g
IEEE802.11g͸ 802.11bͱಉ༷ʹ 2.4GHzͷप೾਺ଳҬΛ࢖༻͢Δɽ·ͨɼ802.11aͱ
ಉ༷ʹมௐํࣜʹ OFDM Λ࢖༻͢Δ͜ͱʹΑΓɼ54Mbps ͷ࠷େ఻ૹ଎౓Λ࣮ݱͯ͠
͍Δɽݱࡏීٴ͍ͯ͠ΔҰൠతͳ AP ͸ϚϧνϞʔυʹରԠ͓ͯ͠ΓɼIEEE 802.11b ͱ
IEEE 802.11gͷ୺຤͕ࠞࡏͯ͠΋ରԠ͢Δ͜ͱ͕ՄೳͰ͋Δɽͨͩ͠ 802.11gͱ 802.11b
ͷػثͱࠞࡏͨ͠৔߹ɼ802.11b Ϟʔυʹͯಈ࡞͢ΔͨΊ࠷େ఻ૹ଎౓΋ 11Mbps ͱͳ
Δɽ802.11gͰ͸ɼ802.11bͰنఆ͞Ε͍ͯΔ 4ͭͷ఻ૹϨʔτͷଞʹɼΦϓγϣϯͱ͠
ͯɼ5.5ɼ11ɼ22ɼ33Mbpsͷ PBCCํࣜͱ 6∼54Mbpsͷ OFDMํࣜΛબ୒Ͱ͖Δɽ
2.4GHzଳΛ࢖༻͢Δ 802.11b·ͨ͸ 802.11g୺຤͸ɼ5GHzଳΛ࢖༻͢Δ 802.11a୺
຤ΑΓి೾ͷݮਰ͕খ͘͞ɼนͳͲͷো֐෺ʹରͯ͠΋ి೾͕௨ա͠΍͍͢ಛ௃͕͋Γɼ
޿͍ΤϦΞͰ௨৴Λߦ͏͜ͱ͕ՄೳʹͳΔɽҰํɼి೾ׯব͕ൃੜ͠΍͍ͨ͢Ίɼແઢ
LAN͕ີूͯ͠ଘࡏ͢Δ؀ڥͰ௨৴଎౓͕େ෯ʹ௿Լ͢Δͱݴͬͨܽ఺͕͋Δɽ
ͦΕҎ֎ɼ100Mbps Ҏ্ͷߋͳΔߴ଎ԽΛ໨తͱͨ͠ن֨Ͱ͋Δ IEEE 802.11n/ac ͳ
Ͳ͕ඪ४Խ͞Ε͍ͯΔɽຊݚڀͷର৅Ͱ͸ͳ͍ͨΊɼৄࡉͷઆ໌͸লུͱ͢Δɽ
2.1.2 ϑϨʔϜϑΥʔϚοτ
802.11ແઢ LANͷMAC૚ʹ͓͍ͯɼແઢ୺຤ؒͰ΍ΓऔΓ͞ΕΔύέοτͷϑϨʔ
ϜϑΥʔϚοτΛਤ 2.1ʹࣔ͢ɽϑϨʔϜͷجຊϑΥʔϚοτ͸ɼ֤ 802.11ແઢ LANن
֨ͷ෺ཧϨΠϠͰڞ௨ͱͳ͍ͬͯΔɽ෺ཧ૚ͷϑϨʔϜϑΥʔϚοτ͸࠾༻͞Εͨมௐํ
ࣜʹΑΓҟͳΔɽਤ 2.2ͱ 2.3͸ɼ802.11aɼ11g͕ OFDMํࣜΛ༻͍Δ৔߹ͱɼ802.11b
͕ CCKํࣜΛ༻͍Δ৔߹ͷͦΕͧΕͷ෺ཧ૚ϑϨʔϜϑΥʔϚοτΛࣔͨ͠΋ͷͰ͋Δɽ
2.1 IEEE 802.11ॾن֨ 7
Address 1 Address 2 Address 3 Address 4
Payload
( IP header + DATA )
FCS
Frame
Control
Duration 
/ID
Sequence
Control
QoS
Control
2 byte 2 byte 6 byte 6 byte 6 byte 2 byte 6 byte 2 byte 0-2312 byte 4 byte
MAC header
ਤ 2.1: MAC૚ϑϨʔϜϑΥʔϚοτ (ڞ௨)
PLCP
preamble
PLCP
signal
MAC frame Pad
16 ȝV 16 bit 6 bit
Physical header
PLCP
service
Tail
4 ȝV
Basic Rate 6 Mbps Data Rate 6-54 Mbps
ਤ 2.2: ෺ཧ૚ϑϨʔϜϑΥʔϚοτ (802.11a, g)
PLCP
preamble
MAC frame
144 ȝV
Physical header
PLCP
header
48 ȝV
Basic Rate 1 Mbps Data Rate 1-11 Mbps
ਤ 2.3: ෺ཧ૚ϑϨʔϜϑΥʔϚοτ (802.11b)
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2.2 ωοτϫʔΫߏ੒
ແઢ LANͰωοτϫʔΫΛߏங͢Δ৔߹ɼΞυϗοΫϞʔυʢਤ 2.4)ͱΠϯϑϥετ
ϥΫνϟϞʔυʢਤ 2.5)ͱ͍͏ 2छྨͷ઀ଓܗଶ͕͋Δɽແઢ APΛհͣ͞ʹɼແઢ୺຤
ಉ͕࢜௚઀తɼର౳ʹޓ͍ʹ௨৴Λߦ͏ํࣜΛΞυϗοΫϞʔυͱ͍͏ɽ͜Εʹରͯ͠ɼ
ແઢ APΛհͯ͠௨৴Λߦ͏ํࣜΛΠϯϑϥετϥΫνϟϞʔυͱ͍͏ɽ͜ͷઅͰ 2ͭͷ
ಈ࡞Ϟʔυͷಛ௃Λड़΂Δɽ
2.2.1 ΞυϗοΫϞʔυ
ແઢ APΛඞཁͱ͠ͳ͍ͷͰɼҰ࣌తʹू·ͬͨແઢ୺຤ͰωοτϫʔΫΛਵ࣌ߏங͢
Δ͜ͱ͕Ͱ͖Δɽ·ͨɼ୺຤ಉ࢜͸ࣗ཯෼ࢄͰ੍ޚΛߦ͏ͨΊɼωοτϫʔΫʹࢀՃɾ཭
୤͢Δ͜ͱ͸؆୯ʹࡁΉɽ͜ΕΒͷಛ௃Λར༻ͯ͠ɼ஍਒ɾߑਫͳͲͷࣗવࡂ֐͕ൃੜ͠
ͨޙɼطଘͷ௨৴Πϯϑϥ͕ഁյ͞Εͨ৔߹ʹ͸ɼҰ࣌తͳ௨৴खஈͱͯ͠ॊೈ͔ͭ؆୯
తʹωοτϫʔΫΛߏங͢Δ͜ͱ͕Ͱ͖Δɽͨͩ͠ɼΞυϗοΫϞʔυͰ͸ɼ2୆ͷ୺຤
ؒͰ௨৴Λߦ͏ؒʹଞͷ୺຤͕ͦΕΒͱ௨৴͕Ͱ͖ͳ͍ͱ͍͏σϝϦοτ΋͋Δɽ
2.2.2 ΠϯϑϥετϥΫνϟϞʔυ
ແઢ୺຤͸ AP Λհͯ͠௨৴Λߦ͍ɼෳ਺ͷ୺຤͕ಉ࣌ʹΠϯλʔωοτʹ઀ଓ͢Δ
͜ͱ͕Ͱ͖Δɽݱࡏ͞·͟·ͳ৔ॴͰઃஔ͞Ε͍ͯΔެऺແઢ LAN͸ҰൠతʹΠϯϑϥ
ετϥΫνϟϞʔυΛ༻͍ΔɽAP͸ΠʔαωοτͳͲΛհͯ͠όοΫϘʔϯωοτϫʔ
Ϋʹ઀ଓ͞Ε͓ͯΓɼAPʹ઀ଓ͞Ε͍ͯΔແઢ୺຤ͱόοΫϘʔϯωοτϫʔΫؒͷύ
έοτͷதܧΛߦ͏ɽຊݚڀͰ͸ΠϯϑϥετϥΫνϟϞʔυΛར༻͢Δແઢ LANΛର
৅ͱͯ͠ݕ౼͢Δɽ
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ਤ 2.4: ΞυϗοΫϞʔυ
ਤ 2.5: ΠϯϑϥετϥΫνϟϞʔυ
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2.3 MACʢMedium Access Controlʣ૚ػೳ
ແઢ୺຤͸ɼૹ৴ϑϨʔϜΛϒϩʔυΩϟετ͢Δͱ͍͏ܗࣜͰ௨৴Λߦ͏ɽ2୆Ҏ্
ͷ୺຤͕ಉ࣌ʹϑϨʔϜΛૹ৴͢Δͱɼి೾ׯব͕ൃੜ͠ૹ৴ࣦഊʹͳΔՄೳੑ͕͋Δɽ
IEEE 802.11ແઢ LANͷMAC૚ͷओͳ໾ׂ͸ɼ֤ແઢ୺຤ͷૹ৴λΠϛϯάΛ੍ޚ͠ɼ
ͳΔ΂͘ߴ͍੒ޭ཰ͰϑϨʔϜͷૹड৴Λ࣮ݱ͢Δ͜ͱͰ͋Δɽ
MAC ૚ͷجຊػೳ͸ɼAP ͱ୺຤ؒͷϚωδϝϯτ͓ΑͼແઢνϟωϧΞΫηε੍ޚ
ͷ 2छྨͰ͋ΔɽϚωδϝϯτػೳ͸ओʹɼʢ1ʣ୺຤ͷೝূͱ઀ଓɼʢ2ʣ୺຤ؒͷύϫʔ
Ϛωδϝϯτঢ়ଶ؅ཧɼʢ3ʣAPͱ୺຤ؒͷಉظɼͳͲͰ͋ΔɽҰํɼແઢνϟωϧ΁ͷ
ΞΫηε੍ޚ͸ɼʢ1ʣϥϯμϜΞΫηεʹΑΔແઢνϟωϧڝ߹࣌ͷૹ৴ػձͷฏ౳Խɼ
ʢ2ʣӅΕ୺຤ରࡦʢRTS/CTS੍ޚʣɼʢ3ʣૹ৴ࣦഊ࣌ͷ࠶ૹ੍ޚɼʢ4ʣϘʔϦϯάํࣜʹ
ΑΔඇڝ߹ΞΫηεʢΦϓγϣϯʣɼͳͲͰ͋Δɽͦͷதɼແઢνϟωϧ΁ͷΞΫηεΛ
੍ޚ͢Δ DCF࢓༷͸ຊݚڀͱಛʹؔ܎͢ΔͷͰɼ࣍Ͱৄࡉʹड़΂Δɽ
2.3.1 DCF (Distributed Coordination Function)
IEEE 802.11 ແઢ LAN Ͱ͸ɼύέοτͷিಥΛલఏͱͯ͠ɼࣗ཯෼ࢄతΞΫηε੍
ޚ DCFΛ࢖༻͢ΔɽDCFʹ͸ CSMA/CAʢCarrier Sense Multiple Access with Collision
Avoidanceʣͱ͍͏ϓϩτίϧ͕ಋೖ͞ΕΔɽ୺຤͸௨৴։࢝લʹΩϟϦΞηϯεΛߦͬ
ͯແઢνϟωϧͷ࢖༻ঢ়گΛ֬ೝ͠ɼҰఆظؒະ࢖༻ʢΞΠυϧঢ়ଶʣͳΒ͹ૹ৴Λ։࢝
͠ɼ࢖༻தʢϏδʔʣͰ͋Ε͹ΞΠυϧঢ়ଶʹͳΔ·Ͱૹ৴ΛԆظ͢ΔɽσʔλϑϨʔϜ
͕ਖ਼ৗʹૹ৴͞Εͨ৔߹ɼड৴ଆ͸MAC૚Ϩϕϧͷ ACKʢAcknowledgementʣϑϨʔϜ
Λฦ৴͢Δɽૹ৴ଆ͸ ACKΛड͚औΔ͜ͱʹΑΓɼσʔλ͕ਖ਼ৗʹૹ৴͞Εͨ͜ͱΛ֬
ೝ͠ɼ࣍ͷϑϨʔϜૹ৴खॱʹҠΔɽ
ෳ਺ͷ୺຤ͷಉ࣌ૹ৴ʹΑΔϑϨʔϜিಥΛճආ͢ΔͨΊʹɼ֤୺຤͸ϑϨʔϜૹ৴લ
ʹʮόοΫΦϑ࣌ؒʯͱݺ͹ΕΔ௕͞ͷظؒ଴ػ͢ΔɽόοΫΦϑ࣌ؒ͸ɼ0 ͔Β CW
ʢContention Windowʣ·ͰͷൣғͷҰ༷ཚ਺Λൃੜͤ͞ɼͦͷཚ਺஋ʢόοΫΦϑΧ΢ϯ
λʣͷεϩοτλΠϜʢSlot timeʣഒͰ༩͑Δɽ
Backoff time = Random(0, CW )× Slot time.
֤୺຤͸νϟωϧ͕ΞΠυϧঢ়ଶͷؒʹɼόοΫΦϑΧ΢ϯλΛεϩοτλΠϜ࣌ؒຖʹ
ݮࢉ͠ɼόοΫΦϑΧ΢ϯλ͕θϩʹͳͬͨ࣌఺Ͱૹ৴Λ։࢝͢Δɽ࢒Γ͕࣌ؒθϩʹͳ
Δલʹଞͷ୺຤͕ૹ৴Λ։࢝ͨ͠৔߹ʹ͸ɼૹ৴଴ػঢ়ଶͱͳΓɼνϟωϧ͕ΞΠυϧঢ়
ଶʹͳͬͨ࣌఺͔Β࢒ΓͷόοΫΦϑλΠϚʔ͔Β࠶ͼݮগͤ͞Δɽ
CW ͸ɼ࠷খ஋ CWmin ͱ࠷େ஋ CWmax ͷൣғ಺ͷ੔਺Ͱ͋Δɽॳظঢ়ଶͰ CW ͕
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CWmin ʹઃఆ͞ΕΔɽૹ৴ʹ࿈ଓࣦͯ͠ഊ͢ΔͨͼʹɼCW ͸࣍ࣜʹج͍ͮͯࢦ਺తʹ
૿େ͢ΔɽϑϨʔϜૹ৴ʹ੒ޭ͢ΔͱɼCW ͸ CWmin ʹ໭Δɽ
CW = (CWmin + 1)× 2
n − 1 (n͸࠶ૹճ਺ ≥ 0).
CW ͸࠷େ஋ CWmax ʹୡ͢Δͱɼ͞Βʹ࿈ଓͯ͠ૹ৴ʹࣦഊͯ͠΋ɼͦͷ஋ͷ··
ͰਪҠ͢Δɽྫ͑͹ CWmin = 15ɼCWmax = 1023ͱͨ͠৔߹ɼ࠶ૹʹΑΔ CW ͷมԽ
͸ਤ 2.6ͷΑ͏ʹͳΔɽͨͩ͠࠷େ࠶ૹճ਺ʢ௨ৗ 7ճɼϓϩτίϧʹґଘ͢Δʣʹୡ͠
ͯ΋ૹ৴ʹࣦഊͨ͠৔߹ɼϑϨʔϜ͸ഇغ͞ΕɼCW ͸ॳظ஋ CWmin ʹ໭Δɽ
ϑϨʔϜিಥʹૺ֤ͬͨ୺຤͸ɼόοΫΦϑ੍ޚʹΑΓ CW ͷ஋͕ࢦ਺తʹ૿େ͢Δ
ͨΊɼΑΓ௕͘଴ػ͢Δ͜ͱʹͳΔɽͦͷ݁ՌɼϑϨʔϜͷ࠶িಥ֬཰͸ݮগ͠ɼωοτ
ϫʔΫͷ᫔᫓ঢ়گ͸Ұఆఔ౓վળ͞ΕΔɽDCF͸͜ͷΑ͏ͳ࢓૊ΈΛ༻͍ɼ֤୺຤ͷૹ
৴λΠϛϯάΛ੍ޚ͢Δɽ
15 31
63
127
255
511
1023 1023 1023 1023
0
200
400
600
800
1000
1200
ਤ 2.6: ࢦ਺ؔ਺Ͱ૿େ͢Δίϯςϯγϣϯ΢Οϯυ΢ʢCWʣ
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2.3.2 IFS (Inter frame Space)
ແઢ LANͰ͸ɼϑϨʔϜΛૹ৴͢Δલʹ࠷௿ݶͷΩϟϦΞηϯε࣌ؒΛ֬อ͢ΔͨΊ
ʹɼIFSͱ͍͏଴ػ͕࣌ؒఆٛ͞Ε͍ͯΔɽΩϟϦΞηϯεΛޮՌతʹߦ͏ͨΊʹෳ਺ͷ
IFS͕࣌ؒ༻͍ΒΕɼ࢖͍෼͚Δ͜ͱʹΑΓϑϨʔϜͷ༏ઌૹ৴Λ੍ޚͰ͖ΔɽIFSͷ༏
ઌ౓͸ߴ͍ॱʹ SIFSɼPIFSɼDIFSɼEIFSͱͳΔɽ
SIFS (Short IFS)
࠷΋୹ִ͍ؒͰ͋ΔɽSIFSΛ࢖͏͜ͱͰɼϑϨʔϜ͕࠷༏ઌͰૹ৴͞ΕΔ͜ͱ͕Ͱ͖
ΔɽσʔλϑϨʔϜΛਖ਼͘͠ड৴ͨ͜͠ͱΛૹ৴ଆʹ஌ΒͤΔͨΊͷ ACK ϑϨʔϜ΍ɼ
ޙड़͢ΔӅΕ୺຤໰୊Λճආ͢ΔͨΊͷ RTS/CTSϑϨʔϜͷૹ৴ͳͲʹ༻͍ΒΕΔɽ
PIFS (PCF IFS)
PCF (Point Coordination Function)ϞʔυͰ࢖༻͢ΔϑϨʔϜִؒͰ͋Δɽ802.11ن֨
Ͱ͸ɼ෼ࢄ੍ޚ DCFҎ֎ʹϙʔϦϯά৴߸ʹΑΔूத੍ޚํࣜ PCF͕Φϓγϣϯͱͯ͠
ఆٛ͞Ε͍ͯΔɽPCFϞʔυͰ͸ɼAP͕֤୺຤ʹॱ൪ʹϙʔϦϯά৴߸Λૹ৴͠ɼ৴߸
Λड͚औͬͨ୺຤ͷΈ͕ϑϨʔϜૹ৴͕ڐՄ͞ΕΔͱ͍͏੍ޚํࣜͰ͋ΔɽϙʔϦϯά৴
߸ͷૹ৴࣌ʹ PIFS࣌ؒΛ࢖༻͢Δɽ
DIFS (DCF IFS)
DCFϞʔυͰ࢖༻͢ΔϑϨʔϜִؒͰ͋ΔɽΩϟϦΞηϯεΛߦ͏ࡍʹɼνϟωϧ͕
ΞΠυϧঢ়ଶͰ͋Δͱ൑அ͢ΔͨΊʹඞཁͱͳΔνϟωϧͷ࿈ଓະ࢖༻ظ͕ؒ DIFSʹΑ
ΓܾΊΒΕΔɽ
EIFS (Extended IFS)
֦ுϑϨʔϜִؒͰ͋Δɽνϟωϧ͕Ϗδʔ͔ͭϏδʔͷݪҼ͸ϑϨʔϜड৴Τϥʔͱ
ݕग़͞Εͨ࣌ɼϏδʔޙʹ DIFSͷ୅ΘΓʹ EIFS࣌ؒͰ଴ػ͢ΔɽEIFSظؒ௕͸ɼ࣍ͷ
Α͏ʹܭࢉ͞ΕΔɽ
EIFS = SIFS +ACK ૹ৴࣌ؒ+DIFS.
2.3.3 σϑΥϧτύϥϝʔλ
IEEE 802.11ॾن֨ͷσϑΥϧτύϥϝʔλ͸ද 2.1Ͱ·ͱΊΔɽ
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ද 2.1: IEEE 802.11ॾن֨σϑΥϧτύϥϝʔλ஋
802.11a 802.11b 802.11g
Data Rate 6-54 Mbps 1-11 Mbps 6-54 Mbps
Slot time 9 µs 20 µs 20 µs
SIFS 16 µs 10 µs 10 µs
DIFS 34 µs 50 µs 20 µs
CWmin 15 31 31
CWmax 1023 1023 1023
2.4 DCFͷ௨৴खॱ
ਤ 2.7ʹ DCF੍ޚʹΑΔ௨৴खॱͷྫʢSTA 1ͱ STA 2ͷ 2୆ͷ୺຤͕ APʹૹ৴͢
Δ৔߹ʣΛࣔ͢ɽ֤୺຤͸ DIFS࣌ؒʹ౉ͬͯ৴߸͕ݕग़͞Εͳ͚Ε͹ɼνϟωϧ͕ΞΠ
υϧͱͳͬͨͱ൑அ͠ɼিಥճආͷͨΊͷόοΫΦϑ੍ޚɼ͢ͳΘͪϥϯμϜʹઃఆͨ͠
όοΫΦϑ͕࣌ؒܦա͢Δ·Ͱૹ৴଴ػ͠ɼόοΫΦϑ࣌ؒܦաޙʹɼϑϨʔϜૹ৴Λ։
࢝͢Δɽ
SIFS
BACKOFF
BACKOFF
DIFS
BACKOFF
ACK
CHANNEL BUSY DATA
DIFS
䞉䞉䞉
䞉䞉䞉
䞉䞉䞉
t 
STA 1
AP
STA 2
carrier sensing
frame transmission
DATA
BACKOFF
channel idle
channel idle
frame collision
channel idle
channel idle
DIFS
䞉䞉䞉
䞉䞉䞉
䞉䞉䞉
DATA
frame collision
ACK timeout
ACK timeout
t 
t 
ਤ 2.7: DCFͷ௨৴खॱ
͜ͷਤʹࣔͨ͠έʔεͰ͸ɼSTA 1ͷόοΫΦϑ࣌ؒͷํ͕୹͍ͨΊɼઌʹϑϨʔϜૹ
৴Λ։͍࢝ͯ͠ΔɽϑϨʔϜૹ৴ޙɼSIFS࣌ؒܦաޙʹ AP͔Β STA 1Ѽͯͷ ACKϑ
ϨʔϜ͕ૹ৴͞ΕΔͱɼૹ৴͕׬ྃ͢ΔɽSTA 1ͷૹ৴த͸ɼSTA 2͸όοΫΦϑΧ΢ϯ
λΛఀࢭ͠ɼΩϟϦΞηϯεঢ়ଶʹҠߦ͢ΔɽSTA 1ͷૹ৴ऴྃޙɼDIFS࣌ؒܦա͢Δ
ͱɼSTA 1ͱ STA 2͸όοΫΦϑ੍ޚʢόοΫΦϑΧ΢ϯλͷݮࢉʣΛ࠶։͢Δɽ͜ͷྫ
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DATA
ACK
DATA
Backoff
Window
DIFS
Next Frame
… …
frame transmission
Post-backoff Backoff Counter = 0
channel idle frame transmission
t
…
ਤ 2.8: ϙετόοΫΦϑঢ়ଶͰͷ௨৴खॱ
Ͱ͸ɼೋͭͷ୺຤͸ۮવಉ࣌ؒ͡ʹόοΫΦϑΧ΢ϯλ͕ 0ʹͳΓɼಉ࣌ʹϑϨʔϜΛૹ
৴͠ɼিಥ͕ൃੜ͍ͯ͠Δɽ୺຤਺͕૿Ճͨ͠৔߹ɼಉ͡ཚ਺஋Λੜ੒͢Δ֬཰͕૿͑Δ
ͨΊɼϑϨʔϜͷিಥ֬཰΋૿Ճ͢Δɽিಥޙʹ STA 1ͱ STA 2͸ ACK timeoutͱ͍͏
ظؒ಺ʹ AP͔Βͷ ACKϑϨʔϜΛड৴Ͱ͖ͳ͍ͨΊɼϑϨʔϜ࠶ૹͷखॱΛߦ͏ɽ
ඇ๞࿨ঢ়ଶʹ͋Δແઢ୺຤͸ɼૹ৴όοϑΝʹϑϨʔϜΛ࣋ͨͳ͍ظ͕ؒ͋ΔɽDCF
Ͱ͸ɼϑϨʔϜૹ৴ޙʹɼ࣍ͷૹ৴ϑϨʔϜΛ͔࣋ͭͲ͏͔ʹؔΘΒͣɼඞͣ৽ͨͳόο
ΫΦϑ੍ޚΛߦ͏ɽ͜ͷ৔߹Ͱͷ୺຤ͷঢ়ଶ͸ʮϙετόοΫΦϑʢPost-backoffʣঢ়ଶʯ
ͱݺ͹ΕΔ [6]ɽਤ 2.8 ͸ɼϙετόοΫΦϑঢ়ଶʹ͋Δ୺຤͕ɼνϟωϧΞΠυϧͷظ
ؒʹόοΫΦϑΧ΢ϯλΛݮࢉ͠ɼθϩʹͳͬͨ࣌఺Ͱґવͱͯ͠ϑϨʔϜΛ࣋ͨͣɼ଴
ػঢ়ଶʹͱͲ·ΔྫΛ͍ࣔͯ͠Δɽ͜ͷ৔߹ɼ଴ػঢ়ଶͰϑϨʔϜ͕౸ண͢Δͱɼ୺຤͸
ΩϟϦΞηϯεΛߦ͍ɼνϟωϧ͕ΞΠυϧͷ··Ͱ͋Ε͹ɼ୺຤͕௚ͪʹϑϨʔϜૹ
৴Λ։࢝͢Δɽνϟωϧ͕Ϗδʔঢ়ଶͰ͋Ε͹ɼ୺຤͕όοΫΦϑΧ΢ϯλΛ࠶ઃఆ͠ɼ
ΩϟϦΞηϯεঢ়ଶʹҠߦ͢Δɽ
2.5 Ϛϧνϗοϓແઢ
ՈఉɼΦϑΟεɼެऺΤϦΞʹ͓͍ͯɼແઢ LANͷར༻͕֦େ͍ͯ͠Δɽ͔͠͠ແઢ
APͷి೾ڧ౓੍͕ݶ͞Ε͍ͯΔͨΊɼ୺຤ͱ APͷڑ཭͕ҰఆҎ্ͱͳΔͱར༻Ͱ͖ͳ
͘ͳΔɽڑ཭͕ۙͯ͘΋ɼน͕ෳ਺ଘࡏ͢Δͱ઀ଓ͠ʹ͘͘ͳΔɼͳͲͷ໰୊͕ੜ͡Δɽ
͜ΕΒͷ໰୊Λղܾ͢ΔͨΊͷखஈͱͯ͠ɼAPΛதܧ୺຤ͱͯ͠ར༻͢ΔϚϧνϗοϓ
ແઢ LANٕज़͕ݕ౼͞Ε͍ͯΔʢਤ 2.9ʣɽAPؒΛ 802.11ແઢ LANͰ݁Ϳ͜ͱʹΑΓɼ
ઃஔ΍Ҡಈʹର͢Δࣗ༝౓͕ߴ͘ɼແઢ LANͷαʔϏεΤϦΞΛ༰қʹ֦େͰ͖Δͱ͍
͏ϝϦοτ͕͋ΔɽϚϧνϗοϓແઢ LAN͸ɼ࣍ͷΑ͏ͳಛ௃͕ڍ͛ΒΕΔ [7]ɽ
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ਤ 2.9: Ϛϧνϗοϓແઢ LAN
1. ແઢ LANͷ APΛޓ͍ʹ༗ઢͰ઀ଓ͢Δඞཁ͕ͳ͍ʢແઢϚϧνϗοϓͰ௨৴Λ
ߦ͏ʣɽ
2.ࣗ཯෼ࢄͰ੍ޚܦ࿏Λߦ͏ͨΊɼAPΛஔ͚ͩ͘ͰΑ͍ɽ
3.୺຤΁͸ैདྷͷແઢ LANαʔϏεΛఏڙ͠ಛผͳػೳΛඞཁͱ͠ͳ͍ɽ
4.֦ுੑ͕͋ΓɼAPΛࣗ༝ʹ௥ՃͰ͖Δɽ
5.୺຤΁Πϯλʔωοτ઀ଓαʔϏεΛఏڙͰ͖Δɽ
Ϛϧνϗοϓແઢ LAN͸ɼதܧ࣌ʹड৴͓Αͼૹ৴ͷͨΊʹϦϯΫ͕ 2౓࢖༻͞ΕΔ
ͨΊɼγϯάϧϗοϓແઢ LANͱൺ΂௨৴ޮ཰͕མͪΔ໰୊͕͋Δɽதܧ୺຤਺͕ଟ͍
΄ͲɼωοτϫʔΫશମͱͯ͠͸఻ૹಛੑ͕௿Լ͢ΔɽͦΕʹɼ୺຤ؒͷڑ཭ɼো֐෺ͳ
ͲͷӨڹʹΑΓɼޓ͍ͷి೾Λݕ஌Ͱ͖ͳ͍୺຤ಉ͕࢜ଘࡏ͢ΔͱɼϑϨʔϜিಥ͕ස
ൟʹൃੜ͠ɼϑϨʔϜ࠶ૹʹΑΔૹ৴஗Ԇͷ૿େ΍ɼ࠶ૹճ਺௒աʹΑΔύέοτഇغ
ͳͲͷ௨৴඼࣭໰୊͕ੜ͡Δɽ͜ΕΒͷ໰୊͸ɼύέοτड৴Λอূ͠ͳ͍ UDPϑϩʔ
͓ΑͼϦΞϧλΠϜ௨৴͕ඞཁͱͳΔ VoIP΍ಈըετϦʔϛϯάͳͲʹॏେͳӨڹΛٴ
΅͢ɽ
2.5.1 ӅΕ୺຤໰୊
ແઢ LANͷΞΫηε੍ޚʹ࢖༻͞Ε͍ͯΔ CSMA/CAํࣜ͸ແઢ୺຤ಉ͕࢜ޓ͍ͷి
೾Λݕग़Ͱ͖Δ͜ͱΛલఏͱ͍ͯ͠Δɽো֐෺ͷӨڹ΍ɼड৴ి೾ϨϕϧͷઃఆͳͲʹΑ
Γɼ୺຤ಉ͕࢜ޓ͍ͷଘࡏΛײ͡ΒΕͳ͍έʔε͕͋Δɽਤ 2.10ͷΑ͏ʹɼ4ͭͷ୺຤͕
഑ஔ͞Εɼޓ͍ͷి೾Λݕग़Ͱ͖ͳ͍୺຤ 1ͱ 3͸ผʑͰ୺຤ 2ͱ 4ʹૹ৴͢Δ৔߹͸ɼ
16 ୈ 2ষ ແઢ LANؔ࿈ٕज़
୺຤ 3ͷૹ৴͕ਖ਼ৗʹ୺຤ 4ʹड৴͞ΕΔ͕ɼ୺຤ 1ͷૹ৴͸୺຤ 2Ͱিಥ͕ൃੜ͢Δɽ
୺຤ 1ͱ 3͕ޓ͍ʹӅΕͨଘࡏͰ͋ΔͨΊɼӅΕ୺຤໰୊ͱݺ͹ΕΔɽ
ӅΕ୺຤໰୊ʹΑΔϑϨʔϜিಥΛܰݮ͢ΔͨΊʹɼIEEE 802.11 Ͱ͸ૹ৴ཁٻ RTS
ʢRequest To SendʣϑϨʔϜͱૹ৴֬ೝ CTSʢClear To SendʣϑϨʔϜΛ࢖ͬͨԾ૝Ωϟ
ϦΞηϯεํ͕ࣜنఆ͞Ε͍ͯΔɽਤ 2.11ͷࣔ͢Α͏ʹɼ୺຤ 1͕୺຤ 2ʹσʔλΛ఻
ૹ͢Δ৔߹ɼ୺຤ 3͸୺຤ 2͔Βͷ CTSΛड৴͢Δ͜ͱ͔Βɼ୺຤ 1ͷૹ৴ঢ়ଶΛೝࣝ
Ͱ͖ɼϑϨʔϜিಥΛ๷͙͜ͱ͕Ͱ͖Δɽ
2.5 Ϛϧνϗοϓແઢ 17
1
2
3
4
Range of transmission/reception
of node 1
Range of transmission/reception
of node 3
Frame
collision
ਤ 2.10: ӅΕ୺຤໰୊
1
2
3
4
Range of transmission/reception
of node 1
Range of transmission/reception
of node 3
䐟 RTS
䐠 CTS
䐠 CTS
ਤ 2.11: RTS/CTSʹΑΔӅΕ୺຤໰୊ͷճආ
18 ୈ 2ষ ແઢ LANؔ࿈ٕज़
2.5.2 ͞Β͠୺຤໰୊
CTS/RTSํࣜΛར༻͢Δ͜ͱͰɼӅΕ୺຤໰୊Λճආ͢Δ͜ͱ͕Ͱ͖Δ͕ɼϚϧνϗο
ϓແઢ LANͷ৔߹Ͱ͸ɼผͷ໰୊͕ى͜Δɽਤ 2.12 ͷΑ͏ʹɼ୺຤ 1͕୺຤ 2ʹσʔ
λΛ఻ૹ͢Δࡍʹ RTS/CTSϑϨʔϜͷަ׵ʹΑΓɼ୺຤ 3͸୺຤ 2͔Βͷ CTSϑϨʔ
ϜΛड৴͠ɼ୺຤ 1ͱ 2ͷ௨৴͕׬ྃ͢Δ·Ͱͷؒʹ଴ػঢ়ଶʹͱͲ·Δɽ͜ͷ࣌ؒʹɼ
୺຤ 4͕ 3ʹσʔλΛ఻ૹ͢Δͱɼ୺຤ 3͸ԿͷԠ౴΋Ͱ͖ͳ͍ͨΊɼ୺຤ 4͸࠶ૹΛ
܁Γฦ͢͜ͱʹͳΔɽ͜ͷΑ͏ͳ໰୊͸͞Β͠୺຤໰୊ͱݺ͹ΕΔɽ͞Βʹ 3ϗοϓҎ্
ͷϚϧνϗοϓͰ͸͞Β͠୺຤໰୊ʹՃ͑Ծ૝ΩϟϦΞηϯεͷ੍ޚϑϨʔϜ͕ਖ਼ৗʹػ
ೳ͠ͳ͍͜ͱʹΑΔϑϨʔϜিಥ͕සൃ͢Δ͜ͱ͕஌ΒΕ͍ͯΔɽ
1
2
3
4
Range of transmission/reception
of node 1
Range of transmission/reception
of node 3
䐟 RTS
䐠 CTS
䐠 CTS
Frame
dropped 
ਤ 2.12: ͞Β͠୺຤໰୊
2.5.3 Wi-FiςβϦϯά
Wi-FiΛ౥ࡌͨ͠εϚʔτϑΥϯͷීٴʹΑΓɼ֎ग़ઌͰແઢ LAN؀ڥ͕ͳ͍৔ॴͰ
΋ɼܞଳి࿩ճઢʹ઀ଓ͞ΕͨεϚʔτϑΥϯΛ APͱͯ͠ɼΠϯλʔωοτʹ઀ଓ͢Δ
͜ͱ͕Ͱ͖Δɽ͜Ε͕͍ΘΏΔ Wi-Fi ςβϦϯάͰ͋Δɽܞଳి࿩ͷσʔλ௨৴ྔͷ૿
େʹΑΓਓޱີू஍ͳͲͰൃੜ͢Δ଎౓௿Լ΍සൟʹ੾அ͞ΕΔΑ͏ͳࣄଶΛղফ͢Δͨ
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Ίɼ௨৴धཁΛ 3G/4Gճઢͷ୅ΘΓʹɼϓϩόΠμͷWi-FiεϙοτΛܦ༝ͰΠϯλʔ
ωοτʹ઀ଓ͢ΔํࣜΛʮWi-FiΦϑϩʔυʯͱݺͿɽܞଳి࿩ࣄۀऀ͕ઃஔͨ͠Wi-Fi
ΞΫηεϙΠϯτ͸ɼܖ໿ͨ͠εϚʔτϑΥϯͷΈ͕ར༻Ͱ͖Δ͜ͱ͕ଟ͍ɽਤ 2.13 ͷ
ࣔ͢Α͏ʹɼWi-FiΦϑϩʔυΛߦ͏৔߹ɼσʔλ௨৴͸ɼϓϩόΠμͷWi-FiΞΫηε
ϙΠϯτͱϢʔβͷεϚʔτϑΥϯͷ 2ͭʢεϚʔτϑΥϯ͕தܧ୺຤ͷ໾ׂΛՌͨ͢ʣ
Λհͯ͠ߦΘΕΔɽ
Users
Terminals
Users
Smartphone
Providers Base 
Station
Wireless Space
3G/4G
Wi-Fi
Providers AP Internet
Internet
Wi-Fi offload
Wi-Fi tethering
ਤ 2.13: Wi-FiςβϦϯάͱWi-FiΦϑϩʔυ
2.6 ແઢ LANੑೳධՁख๏ʹؔ͢Δطଘݚڀ
IEEE 802.11 DCF ͷಈ࡞Λݫີʹղੳ͢ΔͨΊʹɼ͜Ε·Ͱʹ਺ଟ͘ͷݚڀ੒Ռ͕
ൃද͞Ε͖ͯͨ [3, 6, 8–42]ɽͦͷதɼγϯάϧϗοϓແઢ LAN Λର৅ͱͨ͠ଟ਺ͷݚ
ڀ [6, 8–20]͸ɼ2000೥ʹ BianchiʹΑΓఏҊ͞ΕͨղੳϞσϧ [3]Λϕʔεͱ͍ͯ͠Δɽ
Ϛϧνϗοϓແઢ LANʹର͢Δղੳ [21–33]͸ɼBianchiͷղੳख๏ͷ֦ு΍ɼ؆ུԽ͠
ͨϚΫϩϞσϧΛ࢖༻ͨ͠ɽBianchiϞσϧҎ֎ͷղੳख๏ [34–36]͸ɼ͞ΒʹҰൠͷ৚
݅Ͱແઢ LANͷ௨৴ੑೳͷධՁΛߦͬͨɽͦΕʹɼϏοτΤϥʔͷӨڹΛղੳͰ͖ΔϞ
σϧ΋ఏҊ͞Ε͍ͯΔ [37–42]ɽ͔͠͠ɼ͜ΕΒͷղੳϞσϧ͸ͦΕͧΕͷ੍ݶ͕͋Γɼ
͋ΒΏΔແઢ LAN γφϦΦʹରԠͰ͖Δख๏͸͍·ཱͩ֬͞Ε͍ͯͳ͍͜ͱ͕෼͔ͬ
ͨɽҎԼɼຊݚڀʹؔ࿈͢Δ֤طଘݚڀͷ֓ཁΛड़΂Δɽ
20 ୈ 2ষ ແઢ LANؔ࿈ٕज़
2.6.1 γϯάϧϗοϓແઢ LAN
γϯάϧϗοϓແઢ LANͷੑೳղੳʹ͸ɼ֤୺຤ͷঢ়ଶมԽΛৄ͘͠هड़͢Δख๏͕
༻͍ΒΕΔ͜ͱ͕ଟ͍ɽͦͷ୅දͰ͋ͬͨ BianchiͷղੳϞσϧͰ͸ɼແઢ୺຤ͷঢ়ଶΛ
όοΫΦϑΧ΢ϯλͱόοΫΦϑεςʔδͷೋͭͰදݱ͠ɼঢ়ଶભҠΛ཭ࢄ࣌ؒϚϧίϑ
࿈࠯ʹΑΓϞσϧԽͯ͠εϧʔϓοτ౳ΛධՁ͢Δɽ͔͠͠ɼBianchiϞσϧ͸ɼແઢ୺
຤͕๞࿨ঢ়ଶʢৗʹϑϨʔϜΛॴ͍࣋ͯ͠Δঢ়ଶʣʹ͋Δ͜ͱ͕Ծఆ͞Ε͍ͯΔ͕ɼ௨
ৗɼ୺຤͸ඇ๞࿨ঢ়ଶʹ͋Δɽ͜ͷͨΊɼMaloneΒ͸ BianchiͷϞσϧΛվྑ͠ɼඇ๞࿨
ঢ়ଶ͕ѻ͑ΔϞσϧΛఏҊͨ͠ɽMalone ΒͷϞσϧ [6] ͸ɼόοΫΦϑΧ΢ϯλͱόο
ΫΦϑεςʔδʹՃ͑ͯɼϑϨʔϜΛॴ࣋͢Δ͔൱͔Λ୺຤ͷঢ়ଶදݱʹ༻͍Δɽ·ͨɼ
ϑϨʔϜૹ৴௚ޙʹ୺຤͕ʢૹ৴଴ͪͷʣϑϨʔϜΛॴ࣋͢Δ֬཰͸ɼաڈͷཤྺ΍௚લ
ͷόοΫΦϑεςʔδͷ஋ͱ͸ಠཱʹܾ·Δͱ͍ͯ͠Δɽ͔͠͠ɼ࣮ࡍʹ͸ɼ୺຤ͷૹ৴
όοϑΝʹ͸ϑϨʔϜͷ଴ͪߦྻ͕ܗ੒͞Ε͓ͯΓɼϑϨʔϜॴ࣋֬཰Λਖ਼͘͠ධՁ͢Δ
ʹ͸ɼ͜ͷϑϨʔϜͷ଴ͪߦྻ௕Λ೺Ѳ͢ΔඞཁʹͳΔɽLiuΒ [17]͸ɼMaloneͷϞσ
ϧΛվྑ͠ɼϑϨʔϜͷ଴ͪߦྻ௕ΛߟྀͰ͖ΔੑೳղੳϞσϧΛఏҊͨ͠ɽ൴ΒͷϞσ
ϧ͸ɼແઢ୺຤ͷঢ়ଶΛόοΫΦϑΧ΢ϯλɼόοΫΦϑεςʔδɼϑϨʔϜͷ଴ͪߦྻ
௕ͷࡾͭͰදݱ͠ɼঢ়ଶભҠΛ 3࣍ݩ཭ࢄ࣌ؒϚϧίϑ࿈࠯ͰϞσϧԽ͢Δ͕ɼ3࣍ݩϚ
ϧίϑ࿈࠯ͷఆৗղ͕εϧʔϓοτ౳ͷධՁʹඞཁͱͳΓɼෳࡶͳܭࢉ͕ཁٻ͞ΕΔɽ
2.6.2 Ϛϧνϗοϓແઢ LAN
લड़ͨ͠Ϟσϧ͸͍ͣΕ΋୺຤ͷঢ়ଶભҠΛ཭ࢄ࣌ؒϚϧίϑ࿈࠯ʹΑΓϞσϧԽ͠
ͨɽϚϧνϗοϓແઢ LANͷ৔߹͸ӅΕ୺຤໰୊͕ൃੜ͢ΔͨΊɼΑΓ৻ॏͳղੳ͕ඞ
ཁͱͳΔɽϞσϧͷෳࡶԽΛආ͚ΔͨΊɼόοΫΦϑΧ΢ϯλͱόοΫΦϑεςʔδΛ୺
຤ঢ়ଶදݱʹ༻͍Δ͜ͱ͸ͤͣɼ୺຤ͷಈ࡞Λগ਺ͷϚΫϩঢ়ଶʹॖ໿͠දݱ͢Δ͜ͱ
ͰɼղੳΛେ෯ʹ؆ུԽͨ͠ɽ͜ΕΒͷϞσϧ͸ɼ๞࿨ঢ়ଶͷΈΛԾఆͨ͠Γɼඇ๞࿨ঢ়
ଶΛѻ͑ͯ΋ʢ୺຤ͷঢ়ଶมԽͱ଴ͪߦྻ௕ͷมԽ͕ಠཱͰ͋ΔͱԾఆ͢ΔͳͲʣૈ͍ۙ
ࣅ͕༻͍ΒΕͨΓ͢Δ͜ͱ͕ଟ͍ɽ
Ұํɼ୺຤ͷঢ়ଶભҠΛ࿈ଓ࣌ؒϚϧίϑ࿈࠯ͰϞσϧԽͨ͠ख๏͸ɼ৽ͨͳΞϓϩʔ
νͱͯ͠ݕ౼͞ΕͨɽNardelliΒ [32]͸ɼ୺຤ͷόοΫΦϑ͓࣌ؒΑͼૹ৴͕࣌ؒࢦ਺෼
෍ʹै͏ͱԾఆ͠ɼ࿈ଓ࣌ؒϚϧίϑϞσϧΛ༻͍ͯɼӅΕ୺຤͕ଘࡏ͢Δແઢ LANͷ
εϧʔϓοτੑೳΛดܗࣜղʢclosed-form solutionʣΛಋग़ͨ͠ɽBellaltaΒͷϞσϧ [33]
͸ɼۙ઀ͨ͠ແઢ LANؒͷׯবΛߟྀ͠ͳ͕ΒɼΩϟϦΞηϯεൣғ͸෦෼తʹॏͶΔ
ෳ਺ͷແઢ LANͦΕͧΕͷ࠷େεϧʔϓοτΛධՁͨ͠ɽ͜ΕΒͷղੳ͸๞࿨ঢ়ଶ৚݅
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ʹݶఆ͞Ε͍ͯΔɽ
2.6.3 BianchiϞσϧҎ֎ͷղੳख๏
BianchiϞσϧҎ֎ͷղੳख๏΋ఏҊ͞ΕͨɽLiewΒ [34]͸ӅΕ୺຤΍͞Β͠୺຤໰
୊͕ੜ͡ΔҰൠతͳτϙϩδʔͰɼ๞࿨ঢ়ଶͷεϧʔϓοτΛۙࣅͰධՁ͢Δख๏ΛఏҊ
ͨ͠ɽ͜ͷख๏Ͱ͸ແઢ LANͷ֤ύϥϝʔλͱεϧʔϓοτͷؔ܎ੑΛ໌Β͔ʹ͢Δ͜
ͱ͕Ͱ͖ͳ͍ɽDaiΒ [35]͕ఏҊͨ͠Ϟσϧ͸ɼγϯάϧϗοϓແઢ LANͷ҆ఆੑɼε
ϧʔϓοτ͓Αͼ఻ૹ஗Ԇ͕ 2ͭͷఆৗঢ়ଶಈ࡞఺ʹґଘ͢Δ͜ͱΛղ໌ͨ͠ɽ൴Βͷख
๏͸୺຤ͷόοϑΝαΠζͱϑϨʔϜ࠶ૹͷճ਺͕ແݶେͱԾఆͨ͠ɽLauferΒ [36] ͸
ϑϨʔϜͷ౸ண཰ͱόοΫΦϑ͕࣌ؒࢦ਺෼෍ʹै͏ԾఆΛ࢖༻ͤͣɼӅΕ୺຤͕ଘࡏΛ
ߟྀͨ͠Ϛϧνϗοϓແઢ LANͷඇ๞࿨εϧʔϓοτΛධՁͨ͠ɽ͔͠͠ɼ͜ͷϞσϧ
͸ϑϨʔϜͷ଴ͪߦྻ௕ͱಉ࣌ૹ৴ʹΑΔϑϨʔϜিಥͷ֬཰Λղੳ͍ͯ͠ͳ͍ɽ
2.6.4 ϏοτΤϥʔΛߟྀͨ͠ղੳϞσϧ
ϏοτΤϥʔͷӨڹΛղੳ͢ΔϞσϧ [37–40]͸ɼ๞࿨ঢ়ଶ৚݅ʹݶఆ͞ΕɼҟͳΔϑ
ϨʔϜαΠζΛ༻͍Δ୺຤͕ࠞࡏ͢Δ৔߹ͷղੳʹ͸ద༻͠ͳ͍ɽϞσϧ [41, 42]͸ɼจ
ݙ [17] ͰఏҊ͞Εͨ 3࣍ݩ཭ࢄ࣌ؒϚϧίϑϞσϧΛ֦ுͯ͠ɼϨΠϦʔϑΣʔσΟϯ
ά௨৴࿏ʹ͓͚ΔϏοτΤϥʔͱΩϟϓνϟޮՌͷӨڹΛධՁͰ͖Δ͕ɼલड़ͨ͠Α͏
ʹɼ3࣍ݩϚϧίϑ࿈࠯ͷఆৗղΛٻΊΔͨΊʹෳࡶͳܭࢉ͕ڧ͍ΒΕΔɽ
2.6.5 طଘݚڀͷ·ͱΊ
IEEE 802.11 DCF͸ࣗ཯෼ࢄܕͷϝσΟΞΞΫηε੍ޚ͕࢖༻͞ΕΔɽແઢ LANͷੑ
ೳΛཧ࿦తʹཧղ͢ΔͨΊʹɼDCFͷಈ࡞ΛݫີʹϞσϧԽͨ͠ղੳ͕ଟ͘ఏҊ͞Εͯ
͍Δɽ͔͠͠ɼ2.5.3 અͰ঺հͨ͠Wi-Fi ΦϑϩʔυͷΑ͏ͳར༻؀ڥͰ͸ɼ3 ͭͷ୺຤
ʢϢʔβ୺຤ɼதܧ୺຤͓ΑͼϓϩόΠμͷ APʣ͕ޓ͍ʹׯব͠ɼதܧ୺຤΁ͷϑϨʔϜ
౸ணաఔ͕ෳࡶͳͨΊɼεϧʔϓοτղੳ͸ࣗ໌Ͱ͸ͳ͍ɽBianchiϞσϧͱͦͷ֦ு൛
͸ɼແઢ୺຤ͷঢ়ଶΛগͳ͘ͱ΋όοΫΦϑΧ΢ϯλͱόοΫΦϑεςʔδͷ 2ͭͰදݱ
͓ͯ͠Γɼఆٛ͞Εͨ୺຤ͷঢ়ଶ਺͕ଟ͘ɼ͜Ε͕ղੳΛෳࡶԽ͢Δ̍ͭͷཁҼͱͳͬͯ
͍Δɽ·ͨɼϑϨʔϜ఻ૹ஗Ԇ΍όοϑΝҲΕʹΑΔϑϨʔϜଛࣦΛߟྀ͢ΔͨΊʹ͸ɼ
ϑϨʔϜͷ଴ͪߦྻ௕Λਖ਼͘͠೺Ѳ͓ͯ͘͜͠ͱ͕ॏཁͰ͋Δɽ
22 ୈ 2ষ ແઢ LANؔ࿈ٕज़
2.7 ·ͱΊ
ຊষͰ͸ IEEE 802.11ن֨ʹجͮ͘ແઢ LANॾن֨ٴͼؔ࿈ٕज़ͷ֓ཁʹ͍ͭͯઆ໌
ͨ͠ɽୈ 3ষͰ͸ɼIEEE 802.11 DCFΛର৅ͱͯ͠ɼຊݚڀͰఏҊ͢Δ࿈ଓ࣌ؒϚϧίϑ
ϞσϧʹΑΔղੳख๏ʹ͍ͭͯड़΂Δɽ
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Bianchi Ϟσϧͱͦͷվྑ൛͸ɼແઢ୺຤ͷঢ়ଶΛগͳ͘ͱ΋όοΫΦϑΧ΢ϯλͱ
όοΫΦϑεςʔδͷ 2ͭͰදݱ͓ͯ͠Γɼ͜Ε͕ղੳΛෳࡶԽ͢Δ 1ͭͷཁҼͱͳͬͯ
͍ΔɽҰํɼϑϨʔϜ఻ૹ஗Ԇ࣌ؒͷධՁ΍όοϑΝҲΕʹΑΔϑϨʔϜଛࣦΛߟྀ͢Δ
ͨΊʹ͸ɼ୺຤ͷ಺෦ʹܗ੒͞ΕΔϑϨʔϜͷ଴ͪߦྻ௕Λਖ਼͘͠೺Ѳ͢Δ͜ͱ͕ॏཁͰ
͋ΔɽຊষͰड़΂Δख๏Ͱ͸ɼ୺຤ͷঢ়ଶΛόοΫΦϑΧ΢ϯλͱόοΫΦϑεςʔδͷ
2ͭͰදݱ͢Δख๏Λ์غ͢Δɽ୅ΘΓʹɼগ਺ͷϚΫϩঢ়ଶΛఆٛ͠ɼ୺຤ͷϚΫϩঢ়
ଶͱϑϨʔϜͷ଴ͪߦྻ௕ͷมԽΛ࿈ଓ࣌ؒϚϧίϑ࿈࠯ͰϞσϧԽͯ͠ɼఆৗঢ়ଶ֬཰
ΛٻΊΔख๏ΛఏҊ͢Δɽ
3.1 ղੳ৚݅
γϯάϧϗοϓແઢ LAN͓Αͼਤ 3.1ͷΑ͏ͳʢεϚʔτϑΥϯͷΑ͏ͳςβϦϯά
୺຤ͱϥοϓτοϓͳͲͷϢʔβ୺຤Λແઢ LANͰ઀ଓ͠ɼ͞ΒʹςβϦϯά୺຤Λެ
ऺ Wi-Fi ͳͲʹ઀ଓ͢Δʣ2 ϗοϓແઢ LAN Λղੳͷର৅ͱ͢ΔɽϞσϧԽʹ͓͍ͯɼ
ҎԼͷԾఆ৚݅Λ͓͘ɽ
1. n୆ͷແઢ୺຤ʢΞΫηεϙΠϯτΛؚΉʣ͕ڞ௨ͷνϟωϧΛհͯ͠ɼϑϨʔϜ
Λ૬ޓʹૹ৴͢Δɽ
2.֤୺຤͸ޓ͍ʹΩϟϦΞηϯεͰ͖ΔҐஔʹ͋Γɼ͍ΘΏΔӅΕ୺຤΍͞Β͠୺຤
͸ଘࡏ͠ͳ͍ɽ
3.֤୺຤͸ RTS/CTSػೳΛ࢖༻͠ͳ͍ɽ
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4.୺຤ i͸࠷େKi ݸͷϑϨʔϜΛ֨ೲͰ͖Δૹ৴όοϑΝΛ࣋ͭɽ
5. ୺຤ iʹ͸཰ λi ͷϙΞιϯաఔʹैͬͯϑϨʔϜ͕ൃੜ͢Δʢλi ͸୺຤ͷૹ৴ෛ
ՙ Oi ͱϑϨʔϜαΠζ Li ʹΑΓ λi = Oi/Li ͱද͞ΕΔ;ຊষͰ͸ɼ֤୺຤ͷϑϨʔ
ϜαΠζ͸͢΂ͯ౳͍͠ͱԾఆ͢Δʣɽ
ਤ 3.1: 2ϗοϓແઢ LAN: Wi-FiΦϑϩʔυ
3.2 ϚΫϩঢ়ଶදݱ
ఏҊ͢ΔղੳϞσϧͰ͸ɼ୺຤ͷঢ়ଶΛҎԼͷΑ͏ʹ෼ྨ͢Δɽ
– νϟωϧΞΠυϧঢ়ଶ (ঢ়ଶ 0,ঢ়ଶ 0∗)
– ૹ৴ঢ়ଶ (ঢ়ଶ 1,ঢ়ଶ 2)
– ΩϟϦΞηϯεঢ়ଶ (ঢ়ଶ 3,ঢ়ଶ 4,ঢ়ଶ 3∗,ঢ়ଶ 4∗)
νϟωϧΞΠυϧঢ়ଶ͸୺຤͕νϟωϧͷۭ͖Λݕग़தͷঢ়ଶΛҙຯ͠ɼ୺຤͸όοΫ
ΦϑΧ΢ϯλΛݮࢉ͍ͯ͠Δঢ়ଶʢঢ়ଶ 0ʣɼ΋͘͠͸όοΫΦϑΧ΢ϯλ͕ 0Ͱ଴ػঢ়
ଶʢঢ়ଶ 0∗ʣͷ͍ͣΕ͔ʹ͋Δɽ
ૹ৴ঢ়ଶͱ͸ɼϑϨʔϜͷૹ৴Λ։͔࢝ͯ͠ΒɼϑϨʔϜͷૹ৴͕ʢ੒ޭɼࣦഊʹ͔͔
ΘΒͣʣऴྃͯ͠όοΫΦϑΧ΢ϯλΛ࠶ઃఆޙɼΧ΢ϯτμ΢ϯΛ࠶։͢Δ·Ͱͷঢ়ଶ
Λࢦ͠ɼૹ৴੒ޭʢঢ়ଶ 1ʣͱૹ৴ࣦഊʢঢ়ଶ 2ʣͷ 2ͭͷঢ়ଶʹ෼͚ΒΕΔɽνϟωϧ
ΞΠυϧঢ়ଶʹ͋Δ୺຤͸ɼόοΫΦϑΧ΢ϯλ͕ 0ʹͳͬͨ࣌఺Ͱɼগͳ͘ͱ΋ 1ͭͷ
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ૹ৴ϑϨʔϜΛ࣋ͭ৔߹͸ɼૹ৴ঢ়ଶʹભҠ͢ΔɽϙετόοΫΦϑঢ়ଶͰ଴ػ͍ͯ͠Δ
୺຤ʹϑϨʔϜΛ౸ண͢Δͱɼ୺຤͕ΩϟϦΞηϯεΛߦ͍ɼνϟωϧ͕ΞΠυϧͷ··
Ͱ͋Ε͹ɼૹ৴ঢ়ଶʹભҠ͢Δɽ
ΩϟϦΞηϯεঢ়ଶ͸ଞͷ୺຤͕ϑϨʔϜૹ৴தͷঢ়ଶʹରԠ͠ɼૹ৴੒ޭΛΩϟϦΞ
ηϯεதʢঢ়ଶ 3ʣͱૹ৴ࣦഊΛΩϟϦΞηϯεதʢঢ়ଶ 4ʣͷ 2ͭͷঢ়ଶΛ༗͢Δɽͳ
͓ɼόοΫΦϑΧ΢ϯλ͕ 0Ͱ଴ػঢ়ଶʢঢ়ଶ 0∗ʣ͔ΒΩϟϦΞηϯεঢ়ଶʹભҠͨ͠
৔߹͸ɼૹ৴੒ޭʢঢ়ଶ 3∗ʣͱૹ৴ࣦഊʢঢ়ଶ 4∗ʣʹ෼ྨ͢Δɽ
3.3 ࿈ଓ࣌ؒϚϧίϑ࿈࠯
֤ϚΫϩঢ়ଶͷܧଓ࣌ؒ͸ɼ୺຤ࣗ਎ͷόοΫΦϑΧ΢ϯλ΍ϑϨʔϜ਺ɼ͓Αͼಉ͡
νϟωϧΛڞ༻͢Δଞͷ୺຤ͷঢ়ଶʹґଘ͠ɼͦͷ෼෍ΛݫີʹٻΊΔ͜ͱ͸ࠔ೉Ͱ͋
ΔɽͦͷͨΊɼຊղੳϞσϧͰ͸ɼ୺຤ͷ֤ঢ়ଶͷܧଓ࣌ؒ͸ࢦ਺෼෍ʹै͏ͱ͢ΔԾ
ఆΛ༻͍Δ͜ͱͱ͢Δɽ͜ͷԾఆͷ΋ͱͰ͸ɼঢ়ଶؒͷભҠ͸࿈ଓ࣌ؒϚϧίϑ࿈࠯ʹ
ै͏͜ͱʹͳΔɽͳ͓ɼຊղੳϞσϧͰ༻͍ͨΑ͏ͳࢦ਺෼෍ͷԾఆʢϚϧίϑϞσϧ
ʹै͏ͱ͢ΔԾఆʣ͸ɼIEEE 802.11γεςϜͷεϧʔϓοτੑೳͳͲΛղੳతʹධՁ͢
Δࡍͷຊ࣭తͳޡࠩཁҼͱ͸ͳΒͳ͍͜ͱ͕ɼطଘݚڀʢ [32]ɼ[34]ʣʹ͓͍ͯࣔ͞Εͯ
͍Δɽ·ͨɼ֤୺຤ͷಈ࡞ʢঢ়ଶભҠʣ͸ຊདྷಠཱͰ͸ͳ͍͕ɼຊݚڀͰ͸֤୺຤ͷঢ়ଶ
ભҠ͕ޓ͍ʹಠཱͰ͋ΔͱԾఆ͠ɼ୺຤ؒͷ૬ޓؔ܎Λฏۉ৔ۙࣅ [43, 44]ʹΑΓදݱ͢
Δ͜ͱͰɼ୺຤͝ͱʹఆৗঢ়ଶ֬཰Λܭࢉ͢Δख๏Λ࠾༻͢Δɽ͜ͷख๏͸ɼdecoupling
approximation [3]΋͘͠͸ fixed point analysis [10]ͱݺ͹Εɼແઢ LANͷղੳͰ͸޿͘
༻͍ΒΕΔɽ
࣌ࠁ tʹ͓͚Δ୺຤ iͷ଴ͪߦྻ௕ΛXi(t)ɼ୺຤ iͷϚΫϩঢ়ଶΛ Yi(t)Ͱද͢ɽ্ड़
ͷʢ֤ঢ়ଶͷܧଓ͕࣌ؒࢦ਺෼෍ʹै͏ͱ͢ΔʣԾఆʹΑΓɼ֬཰աఔ {Xi(t), Yi(t)}t≥0
͸༗ݶঢ়ଶ্ۭؒͷ࿈ଓ࣌ؒϚϧίϑ࿈࠯ʹै͏ɽ୺຤ͷঢ়ଶભҠ͸଴ͪߦྻ௕ʹґଘ͢
Δɽਤ 3.2͸ɼ1ݸҎ্ͷૹ৴͢΂͖ϑϨʔϜΛ࣋ͭ৔߹ͷঢ়ଶભҠਤΛදͨ͠΋ͷͰ͋
Δɽਤʹ͓͍ͯɼྫ͑͹ (k, 1)͸ɼ୺຤ͷΩϡʔ௕ʢϑϨʔϜ਺ʣ͕ kɼϚΫϩঢ়ଶ͕ 1
ͷঢ়ଶΛද͍ͯ͠Δɽ໼ҹ͸ঢ়ଶભҠͷ޲͖Λද͓ͯ͠Γɼಛʹଠઢͷ໼ҹ͸଴ͪߦྻ௕
ͷมԽΛҾ͖ى͜͢ঢ়ଶભҠΛද͢ɽਤ 3.3͸ɼૹ৴͢΂͖ϑϨʔϜΛ࣋ͨͳ͍৔߹ͷঢ়
ଶભҠਤΛදͨ͠΋ͷͰ͋Δɽ୺຤͕ϙετόοΫΦϑঢ়ଶͱ଴ػঢ়ଶʹҠߦ͢ΔՄೳੑ
͕͋ΔͨΊɼਤ 3.2ΑΓ΋ෳࡶͰ͋Δɽ
ਤʹ͓͍ͯɼνi ͓Αͼ γi ͸ɼ୺຤ iʹ͓͚ΔνϟωϧΞΠυϧঢ়ଶ͔Βૹ৴ঢ়ଶ͓Α
ͼΩϟϦΞηϯεঢ়ଶ΁ͷભҠ཰Λද͍ͯ͠Δɽpti ͸ૹ৴ঢ়ଶʹભҠ͢ΔࡍʹɼʢϑϨʔ
ϜিಥͳͲʹΑΔʣૹ৴ࣦഊ͕ى͜Δ֬཰Ͱ͋Δɽ·ͨɼpfi ͸ΩϟϦΞηϯεঢ়ଶʹભ
Ҡ͢Δࡍʹɼଞͷ୺຤ಉ͕࢜ૹ৴ࣦഊ͢Δ֬཰Ͱ͋Δɽ
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ਤ 3.2: ঢ়ଶભҠਤ (0 < k < Ki)
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ਤ 3.3: ঢ়ଶભҠਤ (ϙετόοΫΦϑ)
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ύϥϝʔλ ai ͸ɼ୺຤ i͕ΩϟϦΞηϯεঢ়ଶʢঢ়ଶ 3ͱ 3*ʣͷऴྃ࣌ʹϑϨʔϜΛ
ड৴͢Δ֬཰Λද͢ɽai ͷ஋͸ແઢ LANͷτϙϩδʔʹΑΓܾఆ͞ΕΔɽγϯάϧϗο
ϓແઢ LAN Ͱ͸ɼड৴ͨ͠ϑϨʔϜ͕ܥ֎΁ୀڈ͢ΔͨΊɼ͢΂ͯͷ୺຤ʹ͓͍ͯ ai
͸ 0Ͱ͋ΔɽҰํɼਤ 3.1ʹࣔͨ͠ 2ϗοϓແઢ LANͰ͸ɼଞͷ୺຤͔Βૹ৴͞Εͨϑ
ϨʔϜ͕தܧ୺຤ʹಧͨ͘Ίɼai ͸ 1 ʹ౳͍͠ɽฏߧํఔࣜͰ͸ɼϑϨʔϜൃੜ୺຤ͷ
ϑϨʔϜૹ৴͕ऴྃʢΩϟϦΞηϯεঢ়ଶ͕ऴྃʣ͢Δͱಉ࣌ʹɼதܧ୺຤͕ͦͷϑϨʔ
ϜΛड৴͢Δࣄ৅͕ਖ਼֬ʹ൓ө͞Ε͍ͯΔɽ͢ͳΘͪɼதܧ୺຤ʹ͸୺຤ͷঢ়ଶͱ͸ಠཱ
ʹϑϨʔϜ͕ʢϙΞιϯաఔʹैͬͯʣ౸ண͢ΔͰ͸ͳ͘ɼ୺຤ͷঢ়ଶมԽʹґଘͯ͠ϑ
ϨʔϜ͕౸ண͢ΔΑ͏ʹϞσϧԽ͞Ε͍ͯΔɽ
ຊϞσϧͰ͸ɼૹ৴ঢ়ଶͷظؒ௕ʢϑϨʔϜૹ৴Λ։͔࢝ͯ͠ΒɼόοΫΦϑΧ΢ϯ
λΛ࠶ઃఆޙɼΧ΢ϯτμ΢ϯΛ࠶։͢Δ·Ͱͷظؒ௕ʣ͸ࢦ਺෼෍ʹै͏ͱԾఆ͢Δɽ
ૹ৴ظؒ௕͸୺຤ͷϑϨʔϜૹ৴࣌ؒʹґଘ͢ΔɽTDATAɼTACK ΛͦΕͧΕσʔλͱ
ACKΛૹ৴͢Δͷʹ͔͔Δ࣌ؒͱ͢Δɽঢ়ଶ 1ͱঢ়ଶ 3ͷܧଓ࣌ؒͷظ଴஋ͷٯ਺Λͦ
ΕͧΕ µsi ͓Αͼ µ˜si ʹΑΓද͢͜ͱͱ͢Δͱɼ୺຤͕ૹ৴͢ΔϑϨʔϜͷαΠζ͕͢΂
ͯ౳͍͠৔߹͸
µsi = µ˜
s
i =
1
TDATA + SIFS + TACK +DIFS
.
͕੒Γཱͭɽ·ͨɼঢ়ଶ 2ͱঢ়ଶ 4ͷܧଓ࣌ؒͷظ଴஋ͷٯ਺Λ µci ͓Αͼ µ˜ci ͱ͢Δͱɼ
୺຤͕ૹ৴͢ΔϑϨʔϜͷαΠζ͕͢΂ͯ౳͍͠৔߹͸ɼ
µci = µ˜
c
i =
1
TDATA +ACK time out+DIFS
.
͕੒ΓཱͭɽIEEE 802.11ඪ४ [4] ʹ͸ ACK timeoutͷظؒ௕͕ఆٛ͞Ε͍ͯͳ͍ͨΊɼ
ຊݚڀͰ͸ɼACK timeout = SIFS + TACK ͱ͢Δɽ
ͳ͓ɼ֤୺຤͕ҟͳΔαΠζͷϑϨʔϜΛૹ৴͢Δ৔߹ʹ͓͚Δɼµciɼµ˜siɼµ˜ci ͷܾఆ
๏ʹ͍ͭͯ͸ୈ 5ষͰઆ໌͢Δɽ
3.4 େҬฏߧํఔࣜ
े෼࣌ؒΛܦա͠ɼωοτϫʔΫ͕҆ఆͨ͠ఆৗঢ়ଶͰͷ֬཰෼෍ͷଘࡏΛԾఆ͢Ε
͹ɼॳظঢ়ଶͱແؔ܎ʹۃݶ෼෍
pii(k, l) = lim
t→∞
P (Xi(t) = k, Yi(t) = l)
͕ଘࡏ͠ɼఆৗঢ়ଶ֬཰ͱҰக͢Δɽఆৗঢ়ଶ֬཰͸େҬฏߧํఔࣜ (3.1)ɼ(3.2)ɼ͓Α
ͼ (3.3)Λຬͨ͢ɽฏߧํఔࣜʹ͓͍ͯɼ1(A)͸ A͕ਅͰ͋Ε͹ 1ɼِͰ͋Ε͹ 0Λऔ
Δؔ਺ʢindicatorؔ਺ʣͰ͋Δɽ
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0 < k < Ki ͷ৔߹,
(λi + γi + νi)pii(k, 0) = λipii(k − 1, 0) + µ
s
ipii(k + 1, 1)
+ µ˜si ((1− ai)pii(k, 3) + aipii(k − 1, 3))
+ µcipii(k, 2) + µ˜
c
ipii(k, 4),
(λi + µ
s
i )pii(k, 1) = λipii(k − 1, 1) + νi(1− p
t
i)pii(k, 0)
+ 1(k = 1)(λi(1− p
t
i)pii(0, 0
∗)
+ µ˜si (1− p
t
i)aipii(0, 3
∗)),
(λi + µ
c
i )pii(k, 2) = λipii(k − 1, 2) + νip
t
ipii(k, 0)
+ 1(k = 1)(λip
t
ipii(0, 0
∗)
+ µ˜sip
t
iaipii(0, 3
∗)),
(λi + µ˜
s
i )pii(k, 3) = λipi(k − 1, 3) + γi(1− p
f
i )pii(k, 0) + 1(k = 1)λipii(0, 3
∗),
(λi + µ˜
c
i )pii(k, 4) = λipii(k − 1, 4) + γip
f
i pii(k, 0) + 1(k = 1)λipii(0, 4
∗).
(3.1)
k = 0ͷ৔߹,
(λi + γi + νi)pii(0, 0) = µ
s
ipii(1, 1) + µ˜
s
i (1− ai)pii(0, 3) + µ˜
c
ipii(0, 4),
(λi + γi)pii(0, 0
∗) = νipii(0, 0) + µ˜
s
i (1− ai)pii(0, 3
∗) + µ˜cipii(0, 4
∗),
pii(0, 1) = pii(0, 2) = 0,
(λi + µ˜
s
i )pii(0, 3) = γi(1− p
f
i )pii(0, 0),
(λi + µ˜
s
i )pii(0, 3
∗) = γi(1− p
f
i )pii(0, 0
∗),
(λi + µ˜
c
i )pii(0, 4) = γip
f
i pii(0, 0),
(λi + µ˜
c
i )pii(0, 4
∗) = γip
f
i pii(0, 0
∗).
(3.2)
k = Ki ͷ৔߹,
(γi + νi)pii(Ki, 0) = λipii(Ki − 1, 0) + µ˜
s
ipii(Ki, 3)
+ µcipii(Ki, 2) + µ˜
c
ipii(Ki, 4)
+ aiµ˜
s
ipii(Ki − 1, 3),
µ
s
ipii(Ki, 1) = λipii(Ki − 1, 1) + νi(1− p
t
i)pii(Ki, 0),
µ
c
ipii(Ki, 2) = λipi(Ki − 1, 2) + νip
t
ipii(Ki, 0),
µ˜
s
ipii(Ki, 3) = λipii(Ki − 1, 3) + γi(1− p
f
i )pii(Ki, 0),
µ˜
c
ipii(Ki, 4) = λipii(Ki − 1, 4) + γip
f
i pii(Ki, 0).
(3.3)
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େҬฏߧํఔࣜ͸ɼ୺຤಺෦ͷϑϨʔϜͷ଴ͪߦྻ௕ʹґଘ͢Δɽྫ͑͹ɼࣜ (3.1)͸ɼ
ਤ 3.2 ʹࣔͨ͠৚݅ (0 < k < Ki) Ͱ੒ཱ͢ΔେҬฏߧํఔࣜΛද͍ͯ͠Δɽ୺຤ʹϑ
ϨʔϜ͕৽ͨʹൃੜ͢Δ͔ɼ΋͘͠͸৽ͨʹϑϨʔϜΛड৴͢Ε͹ɼঢ়ଶ (k, l)͔Βঢ়ଶ
(k + 1, l′)ʹભҠ͢Δɽࣜ (3.2)͸ɼਤ 3.3ʹࣔͨ͠৚݅ (k = 0)Ͱ੒ཱ͢ΔେҬฏߧํఔ
ࣜΛද͓ͯ͠Γɼ௨ৗͷόοΫΦϑঢ়ଶͱϙετόοΫΦϑঢ়ଶ (0∗ɼ3∗ɼ4∗)ؒͷભҠ͕
ߟྀ͞Ε͍ͯΔɽࣜ (3.3) ͸ૹ৴όοϑΝ͕ຬഋঢ়ଶ (k = Ki) ͷେҬฏߧํఔࣜΛද͠
͓ͯΓɼঢ়ଶ (k, l)͔Βঢ়ଶ (k + 1, l′)΁ͷભҠ͸ଘࡏ͠ͳ͍ɽఆৗঢ়ଶ֬཰͸େҬฏߧ
ํఔ͔ࣜΒղੳతʹٻ·Δɽఆৗঢ়ଶ֬཰ͷಋग़๏ʹ͍ͭͯ͸ɼ෇࿥ AΛࢀরͷ͜ͱɽ
ఆৗঢ়ଶͰ͸ɼ୺຤ i͕੒ޭʹૹ৴͢Δঢ়ଶʢঢ়ଶ 1ʣʹ͍Δ֬཰∑Kik=1 pii(k, 1)͕ಘ
ΒΕΕ͹ɼ୺຤ iͷεϧʔϓοτ Si ͸ҎԼͷΑ͏ʹٻ·Δɽ
Si = µ
s
iL
0
ipi
(1)
i , pi
(1)
i
def
=
Ki∑
k=1
pii(k, 1)ɽ (3.4)
͜͜ͰɼL0i ͸୺຤ iͷฏۉϑϨʔϜαΠζͰ͋Δɽฏۉ଴ͪߦྻ௕͸࣍Ͱ༩͑ΒΕΔɽ
E[Qi] =
Ki∑
k=1
4∑
l=0
kpii(k, l).
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͜ͷઅͰ͸ɼฏߧํఔࣜʹؚ·ΕΔະ஌ύϥϝʔλͷٻΊํΛઆ໌͢Δɽ
3.5.1 ΩϟϦΞηϯεঢ়ଶ΁ͷભҠ཰
ΩϟϦΞηϯεঢ়ଶ΁ͷભҠ཰ γi ͸ɼ୺຤ i Ҏ֎ͷ୺຤ͷঢ়ଶʹґଘ͢Δɽฏߧํఔ
͔ࣜΒɼҎԼͷ͕ࣜಘΒΕΔɽ
µ˜sipi
(3)
i = γi(1− p
f
i )pi
(0)
i , (3.5)
pi
(3)
i ͱ pi(0)i ͸ɼͦΕͧΕ୺຤ i͕ (ଞͷ୺຤͕ૹ৴੒ޭதͷ)ΩϟϦΞηϯεঢ়ଶͱνϟ
ωϧΞΠυϧঢ়ଶʹ͍Δ֬཰Λද͢ɽ
pi
(3)
i
def
= pii(0, 3
∗) +
Ki∑
k=0
pii(k, 3),
pi
(0)
i
def
= pii(0, 0
∗) +
Ki∑
k=0
pii(k, 0).
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୺຤ i͕ঢ়ଶ 3ʹ͋ΔͳΒ͹ɼ୺຤ iͷΩϟϦΞηϯεൣғ಺ʹɼiҎ֎೚ҙͷ 1୆ͷ୺
຤͕ૹ৴੒ޭঢ়ଶʢঢ়ଶ 1ʣʹ͋Δɽ͕ͨͬͯ͠ɼ
pi
(3)
i = P

⋃
j 6=i
{node j in state 1}


=
∑
j 6=i
P (node j in state 1) =
∑
j 6=i
pi
(1)
j . (3.6)
ࣜ (3.5)ͱࣜ (3.6)ʹΑΓ
γi =
µ˜si
∑
j 6=i pi
(1)
j
(1− pfi )pi
(0)
i
. (3.7)
3.5.2 ϑϨʔϜૹ৴ࣦഊ཰
ϑϨʔϜૹ৴͕ࣦഊ͢ΔݪҼ͸ɼෳ਺ͷ୺຤ͷಉ࣌ૹ৴ʹΑΔϑϨʔϜিಥͱϏοτΤ
ϥʔʹΑΔϑϨʔϜଛࣦʹ෼͚ΒΕΔɽ͜ͷষͰ͸ɼϑϨʔϜૹ৴ͷࣦഊ͸ϑϨʔϜিಥ
ʹΑΓൃੜ͢Δ΋ͷͱ͢Δɽ୺຤ i͕ϑϨʔϜͷૹ৴։࢝࣌ࠁΛ 0ͱ͢Δͱɼظؒ [0, Ts]
ʢTs ͸εϩοτλΠϜ࣌ؒ)ʹଞͷ͍ͣΕ͔ͷ୺຤͕ૹ৴ΛࢼΈΔͱিಥ͕ൃੜ͢Δɽϑ
ϨʔϜૹ৴ࣄ৅͸ϙΞιϯաఔʹैͬͯൃੜ͢ΔͱԾఆ͢Δͱɼ୺຤ j ͷνϟωϧΞΠυ
ϧঢ়ଶͰͷϑϨʔϜૹ৴Ϩʔτ rj ʢ୯Ґ࣌ؒ͋ͨΓͷฏۉϑϨʔϜૹ৴ճ਺ʣ͸ҎԼͷ
ࣜͰ༩͑ΒΕΔɽ
rj =
λjpij(0, 0
∗) +
∑Kj
k=1 νjpij(k, 0)
pij(0, 0∗) +
∑Kj
k=0 pij(k, 0)
.
ظؒ [0, Ts]ʹ୺຤ j ͕ૹ৴Λ։࢝͢Δࣄ৅͸ Aj ͱ͢Δɽ͜ͷظؒʹ୺຤ j ͕ૹ৴͠ͳ͍
֬཰͸ P (Acj) = 1− P (Aj) = e−rjTs Ͱද͢͜ͱ͕Ͱ͖ΔɽΑͬͯϑϨʔϜিಥ཰ pti ͸
pti = 1− P

⋂
j 6=i
Acj

 = 1−∏
j 6=i
P (Acj) = 1− e
−
∑
j 6=i rjTs . (3.8)
·ͨɼpfi ͸ɼ୺຤ i͕ΩϟϦΞηϯεঢ়ଶʹ͍Δͱ͍͏৚݅ͷ΋ͱͰɼ୺຤ iҎ֎ͷ୺຤
ͷૹ৴ʹࣦഊ͢Δ֬཰Ͱ͋ΓɼҎԼͷࣜͰ༩͑ΒΕΔɽ
pfi = 1−
∑
j 6=i P (Aj ∩ (∪k 6=i,jA
c
k))
P (∪j 6=iAj)
,
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͜͜Ͱɼ
P (Aj ∩ (∪k 6=i,jA
c
k)) = (1− e
−rjTs)e−
∑
k 6=i,j rkTsɼ
P

⋃
j 6=i
Aj

 = 1− P

⋂
j 6=i
Acj

 = 1− e−∑j 6=i rjTsɽ
Αͬͯɼ
pfi = 1−
∑
j 6=i e
−
∑
k 6=i;j rkTs(1− e−rjTs)
1− e−
∑
j 6=i rjTs
ɽ (3.9)
3.5.3 ૹ৴ঢ়ଶ΁ͷભҠ཰
୺຤ i ͕νϟωϧΞΠυϧঢ়ଶͰૹ৴ঢ়ଶ΁ͷભҠ཰ νi ͸ɼฏۉόοΫΦϑ࣌ؒͷٯ
਺ʹ૬౰͢ΔɽϑϨʔϜিಥʹΑΔϑϨʔϜ࠶ૹ࣌ʹόοΫΦϑ࣌ؒͷࢦ਺૿େΛߟྀ͢
ΔͱɼҎԼͰܭࢉ͢Δɽ
ν−1i = (1− p
t
i)
nmax∑
n=0
(pti)
nCW (n)/2,
CW (n)
def
= min {2n(CWmin + 1), CWmax + 1} − 1,
(3.10)
nmax ͸࠷େόοΫΦϑεςʔδͰ͋Δɽ
3.5.4 ਺஋ܭࢉखॱ
ฏߧํఔࣜʹఆৗঢ়ଶ֬཰ʹґଘ͢Δύϥϝʔλ (γiɼνiɼptiɼpfi )ؚ͕·Ε͍ͯΔͨΊɼ
ఆৗঢ়ଶ֬཰ͱ͜ΕΒύϥϝʔλ͕ࣗݾແໃ६ʹܾఆ͞ΕΔΑ͏ʹɼ܁Γฦ͠ܭࢉ͕ඞཁ
ʹͳΔɽ·ͣύϥϝʔλʹద౰ͳॳظ஋ʢ0ͳͲʣΛ༩͑ɼฏߧํఔࣜΛղ͍ͯఆৗঢ়ଶ
֬཰ΛٻΊΔɽଓ͍ͯɼύϥϝʔλΛ࠶ܾఆ͠ɼͦͷ݁ՌΛղ͍ͯฏߧํఔࣜʹ୅ೖͯ͠
ఆৗঢ়ଶ֬཰Λ࠶ܭࢉ͢Δɽ͜ΕΛऩଋ͢Δ·Ͱ܁Γฦ͢ɽऩଋ͸ૣ͘ɼܭࢉ࣌ؒ͸਺ඵ
ఔ౓ҎԼʹऩ·Δɽ
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3.6 ਺஋ධՁ
ఏҊϞσϧͷ༗ޮੑΛݕূ͢ΔͨΊɼ3ͭͷγφϦΦʹରͯ͠ɼཧ࿦ղੳͱγϛϡϨʔ
γϣϯʹΑΔݕূΛ࣮ࢪͨ͠ɽγφϦΦ 1͸ɼγϯάϧϗοϓແઢ LANγφϦΦΛߟ͑
ΔɽγφϦΦ 2ͱγφϦΦ 3͸ɼਤ 3.1 ʹࣔͨ͠ 2ϗοϓແઢ LANγφϦΦΛߟ͑Δɽ
֤୺຤͕ 802.11aن֨ʹ४͡Δແઢ LANͷ MAC૚Λ࢖༻͢Δɽද 3.1ʹ͸γϛϡϨʔ
γϣϯͷ৚݅Λࣔ͢ɽ
γϛϡϨʔγϣϯ࣮ݧ͸ɼCݴޠͰ࡞੒͞Εͨ࣌ؒۦಈܕʢTime-drivenʣγϛϡϨʔλ
Λ࢖༻ͨ͠ɽγϛϡϨʔλ͸ɼIEEE 802.11 DCFػೳΛ࣮૷ͨ͠΋ͷͰ͋Δɽ֤୺຤͕ε
λςΟοΫϧʔςΟϯάΛ࢖༻͠ɼ୺຤ͷঢ়ଶʢྫ͑͹ɼόοΫΦϑΧ΢ϯλ΍଴ͪߦྻ
௕ͳͲʣ͕ 1ϚΠΫϩඵͷִ࣌ؒؒͰߋ৽͞ΕΔɽιʔεϑΝΠϧ͸ [45]ͰೖखͰ͖Δɽ
ද 3.1: γϛϡϨʔγϣϯ৚݅
DataRate (Rdata) 54 Mbps
BasicRate (Rack) 6 Mbps
SIFS 16 µs
DIFS 34 µs
SlotTime (Ts) 9 µs
CWmin 15
CWmax 1023
RetryLimit 7
FrameSize (Li) 1500 bytes
BufferSize (Ki) 100 frames
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3.6.1 γφϦΦ 1ɿγϯάϧϗοϓແઢ LAN
·ͣɼ࠷΋Ұൠతͳແઢ LANτϙϩδʔͰ͋Δγϯάϧϗοϓແઢ LANγφϦΦΛ
ߟ͑Δɽn୆ͷແઢ୺຤͸ 1ͭͷ APʹ઀ଓ͢Δʢਤ 3.4ʢaʣʣɼ΋͘͠͸ͦΕͧΕͷ AP
ʹ઀ଓ͢Δʢਤ 3.4ʢbʣʣɽ֤୺຤͸౳ྔͷૹ৴ෛՙͰยํ޲ͷૹ৴ʢ୺຤→APʣΛߦ͏ɽ
ਤ 3.5ʹɼແઢ୺຤୆਺Λ 1͔Β 30·Ͱม͑ͯɼ๞࿨ঢ়ଶͰແઢ LANͷ૯εϧʔϓο
τʢ୺຤͝ͱͷεϧʔϓοτ ×୺຤୆਺ʣͱ୺຤਺ͷؔ܎Λࣔ͢ɽΩϟϦΞηϯεൣғ಺
ʹɼૹ৴୺຤ͷ਺͕૿Ճ͢Δͱɼશମతͷεϧʔϓοτ͕ݮগ͍ͯ͘͠ݪҼ͸ɼਤ 3.6ʹ
ࣔ͢Α͏ʹɼ୺຤ؒͷಉ࣌ૹ৴ʹΑΔૹ৴িಥ཰͸୺຤਺ʹਖ਼ͷ૬͕ؔ͋Δ͔ΒͰ͋Δɽ
ཧ࿦ղੳͱγϛϡϨʔγϣϯͷ݁Ռ͸ྑ͘Ұக͓ͯ͠ΓɼఏҊϞσϧ͸ 802.11 DCFͷಈ
࡞Λ؆ུԽͯ͠දݱ͍ͯ͠Δʹ΋͔͔ΘΒͣɼBianchiϞσϧͱಉఔ౓ͷਫ਼౓Λ༗͢Δ͜
ͱ͕֬ೝ͞Εͨɽ
ਤ 3.7ʹɼແઢ୺຤ͷ୆਺Λ 8୆ʹݻఆ͠ɼ֤୺຤ͷૹ৴ෛՙΛ௿ෛՙͷঢ়ଶ͔Β๞࿨
ঢ়ଶʹͳΔ·Ͱঃʑʹ૿Ճͨ͠৔߹ͷɼ֤୺຤ͷฏۉ଴ͪߦྻ௕Λࣔ͢ɽਤʹࣔ͢Α͏
ʹɼૹ৴ෛՙ͕௿ෛՙʢ0ʙ2Mbpsʣ͓Αͼߴෛՙʢ3.5MpbsҎ߱ʣͷঢ়ଶͰ͸ɼఏҊϞσ
ϧʹΑΔඇ๞࿨ঢ়ଶͰͷ୺຤ͷฏۉ଴ͪߦྻ௕ͷ݁Ռ͸ɼγϛϡϨʔγϣϯ݁Ռͱྑ͘Ұ
க͍ͯ͠Δɽૹ৴ෛՙ͕ 2ʙ3.5Mbpsͷؒʹɼཧ࿦ղੳͷ݁Ռ͸աখධՁʹͳ͍ͬͯΔɽ
ఏҊϞσϧͰ͸ɺฏۉ৔ۙࣅΛద༻͠ɼ֤୺຤ͷ଴ͪߦྻ௕ΛͦΕͧΕಠཱͰܭࢉ͢Δ
ख๏Λ༻͍ͨɽ࣮ࡍʹ͸ɼ֤୺຤ͷ଴ͪߦྻ௕͸૬ޓʹґଘ͍ͯ͠Δɽྫ͑͹ɼҰͭͷ୺
຤ͷ଴ͪߦྻ͕ܗ੒͞ΕΔͱɺଞͷ୺຤ͷ଴ͪߦྻ΋ܗ੒͞ΕΔ֬཰͕ߴ͍Ͱ͋Δɻฏۉ
৔ۙࣅΛ༻͍ͨ͜ͱʹΑΓɼ୺຤ؒͷ଴ͪߦྻ௕ͷਖ਼ͷ૬͕ؔߟྀ͞Ε͍ͯͳ͍ͨΊɺա
খධՁͷ݁Ռͱͳͬͨɻ୺຤͕๞࿨ঢ়ଶʹҠߦ͢Δͱɼ଴ͪߦྻ௕ͷ૬ؔੑ͕ऑ͘ͳΔͨ
Ίɼฏۉ৔ۙࣅʹΑΔޡ͕ࠩܰݮ͍ͯ͘͠ɽ͔͠͠ɺશମతʹݟΔͱɺղੳͷਫ਼౓͕ߴ͍
ͱߟ͑ΒΕΔɽ
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ਤ 3.4: γϯάϧϗοϓແઢ LAN
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ਤ 3.5: ૯εϧʔϓοτʢSi × nʣ
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ਤ 3.6: ֤୺຤ͷૹ৴িಥ཰ (ptiʣ
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ਤ 3.7: ඇ๞࿨ঢ়ଶͰ֤୺຤ͷฏۉ଴ͪߦྻ௕
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3.6.2 γφϦΦ 2ɿૹ৴ෛՙ͕ରশͷ৔߹
Ϛϧνϗοϓແઢ LANͰ͸ɼ௨৴τϥϑΟοΫ͸ωοτϫʔΫͷ୺͔Β୺·Ͱσʔλ
ϑϩʔͷܗͰ఻ૹ͞ΕΔͨΊɼϑϩʔ͝ͱͷ௨৴ੑೳΛධՁ͢Δඞཁ͕͋Δɽਤ 3.1ʹࣔ
ͨ͠ 2ϗοϓແઢ LANʹϢʔβ୺຤ 1୆͕ଘࡏ͢ΔγφϦΦʹ͓͍ͯɼ্ ΓϑϩʔʢϢʔ
β୺຤→APʣͱԼΓϑϩʔʢAP→Ϣʔβ୺຤ʣͷ௨৴ྔ͕౳͍͠ͱͯ͠ʢλ1 = λ3ʣɼແ
ઢ LANͷ૯ෛՙʢϢʔβ୺຤ͱ AP͕ൃੜͨ͠σʔλྔͷ࿨ʣΛ௿ෛՙ͔Β᫔᫓Λੜ͡
Δঢ়ଶʢ๞࿨ঢ়ଶʣ·Ͱঃʑʹ૿Ճͤ͞ͳ͕Βɼ্ΓͱԼΓͷ֤ϑϩʔͦΕͧΕͷεϧʔ
ϓοτͱ֤୺຤ͷฏۉ଴ͪߦྻ௕ΛධՁ͢Δɽ
ϑϩʔ͝ͱͷεϧʔϓοτΛࣔͨ݁͠ՌΛਤ 3.8ʹࣔ͢ɽԣ࣠͸ແઢ LANͷ૯௨৴ෛ
ՙΛද͢ɽ͜͜Ͱ͸ɼ্ΓϑϩʔͱԼΓϑϩʔͷ௨৴ྔͷ૯࿨Λ 1Mbps͔Β 30 Mbps·
Ͱ૿Ճ͍ͤͯ͞Δɽ࣮ઢ͸Ϟσϧͷ݁Ռɼ఺ͷϓϩοτ͸γϛϡϨʔγϣϯʹΑΔ݁ՌͰ
͋Δɽਤʹࣔ͢Α͏ʹɼ௨৴ෛՙʢ௨৴ྔʣ͕ 15 Mbps ʹͳͬͨࡍʹɼதܧ୺຤ͷૹ৴
όοϑΝ͕๞࿨ঢ়ଶʹͳΓɼόοϑΝҲΕʹΑΔϑϨʔϜଛࣦ͕ൃੜ͍ͯ͠Δɽ͜ͷ࣌఺
ʹ͓͍ͯɼ֤ϑϩʔͷεϧʔϓοτ͸࠷େ஋ʹୡ͢Δɽ௨৴ෛՙ͕͞Βʹ૿Ճ͢Δͱɼϑ
ϨʔϜিಥ͕සൟʹى͖ΔΑ͏ʹͳΓɼεϧʔϓοτ͸ঃʑʹݮগ͢Δɽ௨৴ෛՙ͕ 20
MbpsҎ߱Ͱ͸ɼ͢΂ͯͷ୺຤͕๞࿨ঢ়ଶʹͳͬͨͨΊɼ֤ϑϩʔͷεϧʔϓοτ͕໿ 10
MbpsͰҰఆͱͳΔɽ
֤୺຤ͷฏۉ଴ͪߦྻ௕ͷ݁ՌΛਤ 3.9ʢதܧ୺຤ʣͱਤ 3.10ʢϢʔβ୺຤ͱ APʣʹࣔ
͢ɽ௨৴ෛՙ͕ 15 Mbpsʹͳͬͨ࣌఺Ͱதܧ୺຤͸ฏۉ଴ͪߦྻ௕͕ٸܹʹ૿େ͠ɼ๞
࿨ঢ়ଶʹҠߦ͢Δɽ௨৴ෛՙ͕ 20 Mbps ʹͳͬͨ࣌఺Ͱશ୺຤ͷૹ৴όοϑΝ͸΄΅Ұ
ഋʹͳΔɽແઢ LANͷεϧʔϓοτੑೳ͕௿Լ͢ΔݪҼ͸ɼແઢ୺຤ಉ͕࢜ಉ࣌ૹ৴ʹ
ΑΔϑϨʔϜিಥͱόοϑΝҲΕʹΑΔϑϨʔϜଛࣦͷ 2ͭͰ͋Δɽແઢ LANͷෛՙ͕
ߴ͘ͳΔͱϑϨʔϜিಥ཰͕૿େ͢Δ͚ͩͰͳ͘ɼ࿈ଓিಥʹΑΔόοΫΦϑ࣌ؒͷࢦ਺
૿େ͕ੜͯ͡ɼૹ৴όοϑΝͷΩϡʔ௕͕૿Ճ͠ɼϑϨʔϜૹ৴ͷฏۉ஗Ԇ΋૿େ͢Δɽ
ఏҊϞσϧ͸ɼ͜ͷ྆ํͷޮՌΛߟྀͯ͠ɼ୺຤͕๞࿨ঢ়ଶʢࠞࡶঢ়ଶʣʹͳΔλΠϛϯ
άΛਖ਼֬ʹ༧ଌͰ͖Δɽ
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ਤ 3.10: ฏۉ଴ͪߦྻ௕ʢϢʔβ୺຤ͱ APʣ
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3.6.3 γφϦΦ 3ɿૹ৴ෛՙ͕ඇରশͷ৔߹
Ұൠʹɼ্Γํ޲ͷϑϩʔͷ௨৴ྔͱԼΓํ޲ͷϑϩʔͷ௨৴ྔ͸ඇରশͰ͋Δɽγφ
ϦΦ 3Ͱ͸ɼ্Γํ޲ͷ௨৴ྔʹରͯ͠ԼΓํ޲ͷ௨৴ྔΛ 2ഒʢ2λ1 = λ3ʣʹઃఆ͠ɼ
ແઢ LANͷෛՙΛ௿ෛՙ͔Β๞࿨ঢ়ଶ·Ͱঃʑʹ૿Ճͤ͞ͳ͕Βɼϑϩʔ͝ͱͷεϧʔ
ϓοτͱ֤୺຤ͷฏۉ଴ͪߦྻ௕ΛධՁ͢Δ࣮ݧΛߦͬͨɽ
ਤ 3.11ʹࣔ͢Α͏ʹɼ௨৴ෛՙʢ௨৴ྔʣ͕ 15 Mbps·Ͱ͸ແઢ LAN͸ඇ๞࿨ঢ়ଶ
Ͱ͋Γɼ֤ϑϩʔͷεϧʔϓοτ͸௨৴ྔͷ૿Ճͱͱ΋ʹঃʑʹ૿Ճ͢Δɽ௨৴ྔ͕ 15
Mbpsʹͳͬͨ࣌఺Ͱɼதܧ୺຤ͷૹ৴όοϑΝ͕๞࿨ঢ়ଶʹͳΓɼόοϑΝҲΕʹΑΔ
ϑϨʔϜଛࣦ͕ൃੜ͢Δɽ௨৴ྔ͕͞Βʹ૿Ճ͢Δͱɼ୺຤ؒͷಉ࣌ૹ৴ʹΑΔϑϨʔϜ
িಥ͕සൟʹੜ͡ɼ֤ϑϩʔͷεϧʔϓοτ͕ಉ࣌ʹݮগ͢Δɽ௨৴ෛՙ͕ 18 Mbpsલ
ޙͰɼૹ৴ෛՙ͕ߴ͍ AP͕ઌʹ๞࿨ঢ়ଶʹҠߦ͠ɼϢʔβ୺຤͸·ͩඇ๞࿨ঢ়ଶʹ͋Δɽ
ͦͷͨΊɼԼΓϑϩʔͷεϧʔϓοτ͸ܧଓͯ͠௿Լ͢Δ͕ɼ্Γϑϩʔ͸࠶ͼ૿Ճͯ͠
͍Δɽ௨৴ෛՙ͕ 30 MbpsʹͳΔͱɼ͢΂ͯͷ୺຤͕๞࿨ঢ়ଶʹͳΓɼ্ΓϑϩʔͱԼΓ
ϑϩʔͷεϧʔϓοτ͸໿ 5 Mbpsʹऩଋͨ͠ɽ
֤୺຤ͷฏۉ଴ͪߦྻ௕ͷ݁Ռ͕ਤ 3.12ʢதܧ୺຤ʣͱਤ 3.13ʢϢʔβ୺຤ͱ APʣʹ
ࣔ͢ɽ֤୺຤͕๞࿨ঢ়ଶʹҠߦ͢ΔλΠϛϯάΛ֬ೝͰ͖Δɽ
40 ୈ 3ষ ୺຤ͷϚΫϩঢ়ଶදݱΛ༻͍ͨੑೳධՁख๏
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ਤ 3.13: ฏۉ଴ͪߦྻ௕ʢϢʔβ୺຤ͱ APʣ
42 ୈ 3ষ ୺຤ͷϚΫϩঢ়ଶදݱΛ༻͍ͨੑೳධՁख๏
3.7 ·ͱΊ
ຊষͰ͸ɼIEEE 802.11 DCFແઢ LANͷεϧʔϓοτ౳ͷੑೳΛɼղੳతʹධՁ͢Δ
ख๏Λࣔͨ͠ɽఏҊख๏͸ɼIEEE 802.11 DCFͷಈ͖Λ࿈ଓ࣌ؒϚϧίϑ࿈࠯Ͱղੳ͢Δ
ख๏Ͱ͋Δ͕ɼͦͷࡍʹ୺຤ͷঢ়ଶΛগ਺ͷϚΫϩঢ়ଶʢνϟωϧΞΠυϧঢ়ଶɼૹ৴ঢ়
ଶɼΩϟϦΞηϯεঢ়ଶʣʹॖ໿ͯ͠දݱ͢Δ͜ͱͰɼঢ়ଶ਺ͷ૿େΛ཈͑ɼ֤୺຤ͷ಺
෦ʹܗ੒͞ΕΔϑϨʔϜͷ଴ͪߦྻ௕ͷมԽ΋ಉ࣌ʹղੳ͢Δ͜ͱΛՄೳͱ͍ͯ͠Δ఺ʹ
ಛ௃͕͋Δɽ·ͨɼ୺຤ؒͷ૬ޓؔ܎Λฏۉ৔ۙࣅʹΑΓදݱ͢Δ͜ͱͰɼ୺຤͝ͱʹఆ
ৗঢ়ଶ֬཰Λܭࢉ͢Δख๏Λ༻͍ͨɽҎ্ͷΞϓϩʔνʹΑΓɼैདྷɼ೉ղͰ͋ͬͨඇ๞
࿨ঢ়ଶʹ͓͚ΔϑϨʔϜ଴ͪߦྻ௕ͷղੳ͕༰қʹͳΔ͜ͱΛࣔͨ͠ɽ਺஋ධՁʹΑΓɼ
ղੳϞσϧͰ༻͍ͨࢦ਺෼෍ͷԾఆʢϚϧίϑϞσϧʹै͏ͱ͢ΔԾఆʣ͸ɼIEEE 802.11
γεςϜͷεϧʔϓοτੑೳͳͲΛղੳతʹධՁ͢Δࡍͷຊ࣭తͳޡࠩཁҼͱ͸ͳΒͳ͍
͜ͱΛ֬ೝͨ͠ɽୈ 4ষͰ͸ɼఏҊϞσϧͷղੳख๏Λ༻͍ͯɼςβϦϯάϢʔβ͕ີू
͢Δ؀ڥʹ͓͚ΔੑೳධՁ๏ʹ͍ͭͯड़΂Δɽ
43
ୈ 4ষ
ςβϦϯάϢʔβີू؀ڥʹ͓͚Δ
ੑೳධՁ๏
ۙ೥ɼϞόΠϧϧʔλ΍εϚʔτϑΥϯͳͲɼܞଳి࿩ճઢ΍WiMAXͳͲͷແઢ௨৴
ٕज़Λ༻͍ΔແઢσόΠε͕ϞόΠϧ APͱͯ͠࢖༻͞ΕɼWi-FiςβϦϯάͷར༻γʔ
ϯ͕૿͍͑ͯΔɽͦͷͨΊɼڱ͍ΤϦΞͰෳ਺ͷςβϦϯάϢʔβ͕Ұ࣌తʹۙ઀͢Δ
͜ͱ͕ݱΕ͍ͯΔɽແઢνϟωϧ͸ݶΒΕͨࢿݯͰ͋Δɽ2.4GHzଳΛར༻͢Δ 802.11g
ͱ 802.11bͰ͸ɼޓ͍ʹӨڹΛड͚ͣʹಉ࣌ʹར༻Ͱ͖Δແઢνϟωϧ͸ߴʑ 4͔ͭ͠ͳ
͍ɽςβϦϯάϢʔβ͕ߴີ౓ʹूதͨ݁͠Ռɼෳ਺ͷ͍ۙڑ཭ʹ͋Δແઢ LAN͕ඞવ
తʹಉ͡νϟωϧΛڞ༗͢Δ͜ͱʹͳΔɽແઢ LANͰ͸ɼ֤୺຤͕νϟωϧͷ࢖༻ঢ়گ
ʹԠͯࣗ͡཯෼ࢄతʹϑϨʔϜૹ৴λΠϛϯάΛܾఆ͢Δ DCFΛ࢖༻͢Δɽྡ઀͢Δແ
ઢ୺຤ͱͷҐஔؔ܎ʹΑΓɼແઢ LANͷεϧʔϓοτੑೳΛେ͖͘Өڹ͢ΔՄೳੑ͕͋
ΔɽຊষͰ͸ɼςβϦϯάϢʔβີू؀ڥʹ͓͚Δແઢ LANͷεϧʔϓοτੑೳΛղੳ
తʹධՁ͢Δɽ
4.1 ର৅Ϟσϧ
ਤ 4.1 ʹࣔͨ͠γφϦΦΛߟ͑ΔɽN ਓͷϢʔβ͕ͦΕͧΕͷεϚʔτϑΥϯͱλϒ
Ϩοτ୺຤ΛWi-FiͰ઀ଓ͠ɼܞଳճઢܦ༝ͰλϒϨοτ୺຤ΛΠϯλʔωοτʹ઀ଓ͠
͍ͯΔɽ؆୯ͷͨΊɼ֤Ϣʔβͷ௨৴͸શͯԼΓํ޲ʢΠϯλʔωοτˠεϚʔτϑΥϯ
ˠλϒϨοτ୺຤ʣͰ͋Δͱ͢ΔɽϢʔβ͸௚ઢ্ʹฒͼɼྡΓ߹͏Ϣʔβಉ࢜͸ಉ͡ແ
ઢνϟωϧʢ΋͘͠͸ޓ͍ʹׯব͢Δؔ܎ͷνϟωϧʣΛڞ༻͢Δͱ͢Δɽྫ͑͹ɼϢʔ
β iͷεϚʔτϑΥϯʢҎԼɼ୺຤ iʣͷΩϟϦΞηϯεൣғ಺ʹ୺຤ i+ 1ͱ୺຤ i− 1
͕ଘࡏ͠ɼ୺຤ iͷૹ৴Λ୺຤ i+ 1ͱ୺຤ i− 1͸ݕ஌Ͱ͖Δ͕ɼ୺຤ i+ 1ͱ i− 1͸
ޓ͍ʹΩϟϦΞηϯεͰ͖ͳ͍Ґஔؔ܎ʢӅΕ୺຤ؔ܎ʣʹ͋Δͱ͢Δɽ
44 ୈ 4ষ ςβϦϯάϢʔβີू؀ڥʹ͓͚ΔੑೳධՁ๏
User i-2 User i-1 User i User i+1 User i+2
ਤ 4.1: APີू؀ڥͰϢʔβؒͷׯব
ୈ 3ষͰߏஙͨ͠ղੳϞσϧ͸ɼ֤୺຤ͷΩϟϦΞηϯεൣғ͸े෼ʹ޿͍ͱ͠ɼ͋Δ
࣌ࠁͰɼߴʑ 1୆ͷ୺຤͕ૹ৴੒ޭঢ়ଶʹ͋ΔͱԾఆ͍ͯ͠Δɽ͔͠͠ɼਤ 4.1ʹࣔͨ͠
γφϦΦͰ͸ɼ୺຤ iͷΩϟϦΞηϯεঢ়ଶͰ͸୺຤ i+1͔୺຤ i− 1͕ૹ৴ঢ়ଶʹ͋Δ
͕ɼ୺຤ i + 1ͷૹ৴ظؒ͸୺຤ i − 1ͷૹ৴ظؒͱॏͳΔՄೳੑ͕͋Δɽ͜ͷͨΊɼ୺
຤ i + 1ͷૹ৴ظؒऴྃΛ଴ͨͣʹ୺຤ i − 1ͷૹ৴ظ͕ؒ࢝·Γɼ·ͨ୺຤ i − 1ͷૹ
৴ظؒͷऴྃΛ଴ͨͣʹ୺຤ i+ 1ͷૹ৴ظ͕ؒ࢝·Δɼͱ͍͏Α͏ʹ୺຤ iͷΩϟϦΞ
ηϯεظؒʹ୺຤ i− 1ͱ୺຤ i+ 1ͷଟ਺ͷૹ৴ظؚ͕ؒ·ΕΔՄೳੑ͕͋ΔɽՃ͑ͯɼ
֤ૹ৴ظؒ͸ૹ৴ʹ੒ޭ͍ͯ͠Δ৔߹ͱࣦഊ͍ͯ͠Δ৔߹ͷ྆ํΛؚΈ͏Δɽैͬͯɼ୺
຤ iͷΩϟϦΞηϯεظ͕ؒɼଞͷ୺຤ͷૹ৴੒ޭঢ়ଶʹରԠ͍ͯ͠Δ΋ͷͳͷ͔ɼૹ৴
ࣦഊঢ়ଶʹରԠ͍ͯ͠Δ΋ͷͳͷ͔Λ໌֬ʹ۠ผ͢Δ͜ͱ͕Ͱ͖ͳ͍ɽ
͜ͷΑ͏ͳӅΕ୺຤໰୊ͳͲ͕ੜ͡ΔҰൠతͳτϙϩδʔ৚݅ͷແઢ LAN ͷεϧʔ
ϓοτੑೳΛɼBianchiϞσϧ΋͘͠͸ͦͷ֦ுϞσϧͰܭࢉ͢Δ͜ͱ͸ࣄ্࣮ෆՄೳͳ
ͨΊɼLiewΒ͸ BoE (Back of Envelope)๏ΛఏҊͨ͠ [34]ɽ͜ͷख๏Ͱ͸Wi-Fiಉ࢜ͷ
ڝ߹ؔ܎ʢΩϟϦΞηϯεͰ͖Δ͔Ͳ͏͔ʣʹΑΓڝ߹άϥϑΛ࡞੒͠ɼ௨৴ϦϯΫͷ࠷
େಠཱू߹ʢMaximum Independent Sets: MISsʣΛ༻͍ͯɼແઢ LANͷ๞࿨εϧʔϓο
τΛ؆қʹ༧ଌͰ͖ɼಛʹதখن໛ʢWi-Fi਺͕ 100ҎԼʣͰෳࡶͳωοτϫʔΫτϙϩ
δʔʹ͓͍ͯ༗ޮੑΛࣔͨ͠ɽ͔͠͠ɼBoE๏͸ແઢ LANϓϩτίϧʹ࢖༻͢Δ֤ύϥ
ϝʔλΛݫີʹߟྀ͞Ε͓ͯΒͣɼ๞࿨ঢ়ଶͷΈͷۙࣅతͳεϧʔϓοτ͔͠ධՁͰ͖ͳ
͍ͱ͍ͬͨ໰୊఺͕͋Δɽ
4.2 ղੳ৚݅ 45
i i+2 i-1i-2 i+1 
ਤ 4.2: ڝ߹άϥϑ
4.2 ղੳ৚݅
ϞσϧԽʹ͓͍ͯɼਤ 4.1ʹࣔͨ͠Ϣʔβؒͷڝ߹ؔ܎͸ਤ 4.2ͷάϥϑͰදࣔͰ͖Δɽ
άϥϑͷ௖఺͸֤Ϣʔβ୺຤Λද͠ɼ૬ޓʹΩϟϦΞηϯεͰ͖Δ୺຤͸ลͰ݁͹ΕΔɽ
ͳ͓ɼҎԼͷԾఆ৚݅Λ͓͘ɽ
1.୺຤ i͸࠷େKi ݸͷϑϨʔϜΛ֨ೲͰ͖Δૹ৴όοϑΝΛ࣋ͭɽ
2.୺຤ iʹ͸౸ண཰ λi ͷϙΞιϯաఔʹैͬͯɼϑϨʔϜ͕ʢΠϯλʔωοτ͔Βܞ
ଳճઢܦ༝Ͱʣ౸ண͢Δɽ
3.֤୺຤͸ RTS/CTSػೳΛ࢖༻͠ͳ͍ɽ
4.3 ঢ়ଶભҠ
લड़ͨ͠ӅΕ୺຤ͷӨڹΛߟ্ྀͨ͠ɼ3.2 અͰఆٛ͞Εͨ DCF ͷϚΫϩঢ়ଶදݱΛ
ҎԼͷΑ͏ʹमਖ਼͢Δɽ
– νϟωϧΞΠυϧঢ়ଶ (ঢ়ଶ 0,ঢ়ଶ 0∗ʣ
– ૹ৴ঢ়ଶ (ঢ়ଶ 1,ঢ়ଶ 2)
– ΩϟϦΞηϯεঢ়ଶ (ঢ়ଶ 3,ঢ়ଶ 3∗)
ຊষͷϞσϧͰ͸ɼΩϟϦΞηϯεঢ়ଶΛૹ৴੒ޭͱૹ৴ࣦഊͷ 2ঢ়ଶʹ෼͚ͳ͍఺ʹ
஫ҙ͢Δɽ࣌ࠁ t Ͱͷ୺຤ i ͷ଴ͪߦྻ௕Λ Xi(t)ɼ୺຤ i ͷϚΫϩঢ়ଶΛ Yi(t) ʹΑΓ
هड़͢Δɽୈ 3ষͷϞσϧͱಉ༷ʹɼ֤ঢ়ଶͷܧଓ࣌ؒ͸ࢦ਺෼෍ʹै͏͜ͱΛԾఆ͢Δ
ͱɼ֬཰աఔ {Xi(t), Yi(t)}t≥0 ͸༗ݶঢ়ଶ্ۭؒͷ࿈ଓ࣌ؒϚϧίϑ࿈࠯ʹै͏ɽ୺຤
ͷঢ়ଶભҠ͸଴ͪߦྻ௕ʹґଘ͢Δɽਤ 4.3ʹ͸ɼগͳ͘ͱ΋ 1ݸͷૹ৴͢΂͖ϑϨʔϜ
Λ࣋ͭ৔߹Ͱͷঢ়ଶભҠਤΛࣔ͢ɽਤ 4.4ʹɼඇ๞࿨ঢ়ଶͰૹ৴͢΂͖ϑϨʔϜΛ࣋ͨͳ
͍৔߹ͷঢ়ଶભҠਤΛࣔ͢ɽ
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k,2 
k,1 
k,0 
il
s
i!
k+1,1 
k+1,2 
k+1,0 
c
i!
)1( tii p"#
t
ii p#
il
il
il
f
i!
c
i!
)1( tii p"#
t
ii p#
Xi=k 
Xi=k+1 
k,3 
i$
f
i!
i$
k+1,3 
ਤ 4.3: ঢ়ଶભҠਤ (0 < k < Ki)
0,0 
s
im
1,2 
1,1 
1,0 
0,0* 
i!
i!
)1( tii p"!
t
ii p!
i#i
!
c
im
i!
Xi=0 
Xi=1 
f
im
1,3 
i$
f
im
i$
0,3* 0,3 
f
im
i$
ਤ 4.4: ঢ়ଶભҠਤ (ϙετόοΫΦϑ)
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୺຤ iʹ͓͍ͯɼνϟωϧΞΠυϧঢ়ଶ (ঢ়ଶ 0,ঢ়ଶ 0∗ʣ͔Β͸ɼૹ৴ঢ়ଶ͓ΑͼΩϟ
ϦΞηϯεঢ়ଶ΁ભҠ͠ɼͦͷભҠ཰͸ͦΕͧΕ νi ͓Αͼ γi ͱ͢Δɽpti ͸ૹ৴ঢ়ଶʹભ
Ҡ͢ΔࡍʹɼϑϨʔϜিಥ͕ى͜Δ֬཰Ͱ͋Δɽঢ়ଶ 1ͷܧଓ࣌ؒ͸ૹ৴੒ޭ͢Δ৔߹ͷ
ϑϨʔϜॲཧ࣌ؒ௕ʹ౳͘͠ɼฏۉ 1/µsi ͷࢦ਺෼෍ʹै͏ɽঢ়ଶ 2ͷܧଓ࣌ؒ͸ૹ৴ࣦ
ഊ͢Δ৔߹ͷϑϨʔϜॲཧ࣌ؒ௕Ͱ͋Δɽͦͷظؒ௕͸ฏۉ 1/µci ͷࢦ਺෼෍ʹै͏ɽঢ়
ଶ 3ͷܧଓ࣌ؒ͸ɼฏۉ 1/µfi ͷࢦ਺෼෍ʹै͏ͱ͢ΔɽϚϧίϑ࿈࠯͕ط໿Ͱ࠶ؼతͰ
͋Ε͹ɼे෼௕͍࣌ؒܦաޙʹɼॳظঢ়ଶʹґଘ͠ͳ͍͋Δۃݶ෼෍
pii(k, l) = lim
t→∞
P (Xi(t) = k, Yi(t) = l)
ʹऩଋ͠ɼۃݶ෼෍͸ఆৗঢ়ଶͱҰக͢Δɽఆৗঢ়ଶ͸େҬฏߧํఔࣜ (4.1)ɼ(4.2) ͱ
(4.3Λຬͨ͢ɽ
0 < k < Ki ͷ৔߹,
(λi + γi + νi)pii(k, 0) = λipii(k − 1, 0) + µ
s
ipii(k + 1, 1) + µ
c
ipii(k, 2) + µ
f
i pii(k, 3),
(λi + µ
s
i )pii(k, 1) = λipii(k − 1, 1) + νi(1− p
t
i)pii(k, 0) + 1(k = 1)λi(1− p
t
i)pii(0, 0
∗),
(λi + µ
c
i )pii(k, 2) = λipii(k − 1, 2) + νip
t
ipii(k, 0) + 1(k = 1)λip
t
ipii(0, 0
∗),
(λi + µ
f
i )pii(k, 3) = λipii(k − 1, 3) + γipii(k, 0) + 1(k = 1)λipii(0, 3
∗).
(4.1)
k = 0ͷ৔߹,
(λi + γi + νi)pii(0, 0) = µ
s
ipii(1, 1) + µ
f
i pii(0, 3),
(λi + γi)pii(0, 0
∗) = νipii(0, 0) + µ
f
i pii(0, 3
∗),
pii(0, 1) = pii(0, 2) = 0,
(λi + µ
f
i )pii(0, 3) = γipii(0, 0),
(λi + µ
f
i )pii(0, 3
∗) = γipii(0, 0
∗).
(4.2)
k = Ki ͷ৔߹,
(γi + νi)pii(K, 0) = λipii(K − 1, 0) + µ
c
ipii(K, 2) + µ
f
i pii(K, 3),
µ
s
ipii(K, 1) = λipii(K − 1, 1) + νi(1− p
t
i)pii(K, 0),
µ
c
ipii(K, 2) = λipii(K − 1, 2) + νip
t
ipii(K, 0),
µ
f
i pii(K, 3) = λipii(K − 1, 3) + γipii(K, 0).
(4.3)
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4.4 ະ஌ύϥϝʔλͷಋग़ํ๏
͜ͷઅͰɼฏߧํఔࣜʹؚ·ΕΔະ஌ύϥϝʔλ ptiɼγi ͷٻΊํΛઆ໌͢ΔɽͦΕҎ֎
ͷύϥϝʔλ (νiɼµsiɼµci )͸ɼ3.5અΛࢀরͷ͜ͱɽ
4.4.1 ϑϨʔϜૹ৴ࣦഊ཰
ϏοτΤϥʔͷӨڹΛߟྀ͠ͳ͍৔߹͸ɼϑϨʔϜૹ৴ࣦഊ͸ૹ৴িಥʹΑΓҾ͖ى͜
͞ΕΔɽ୺຤ j ͷνϟωϧΞΠυϧঢ়ଶͰͷϑϨʔϜૹ৴Ϩʔτ rjʢ୯Ґ࣌ؒ͋ͨΓͷ
ฏۉϑϨʔϜૹ৴ճ਺ʣ͸ҎԼͷࣜͰ༩͑ΒΕΔɽ
rj =
λjpij(0, 0
∗) +
∑Ki
k=1 νjpij(k, 0)
pij(0, 0∗) +
∑Ki
k=0 pij(k, 0)
.
୺຤ iͱૹ৴িಥ͢ΔՄೳੑ͕͋Δͷ͸୺຤ i+1ͱ i− 1ͷΈͰ͋Δɽͨͩ͠ɼ୺຤ i͕
νϟωϧΞΠυϧঢ়ଶʹ͋ͬͯ΋ɼྡͷ୺຤͕νϟωϧΞΠυϧঢ়ଶʹ͋Δͱ͸ݶΒͳ͍
఺ʹཹҙ͢Δඞཁ͕͋Δɽྫ͑͹ɼ୺຤ i+ 2͕ϑϨʔϜૹ৴தͰ͋ΔͳΒ͹ɼ୺຤ i͔
ΒݟΔͱνϟωϧΞΠυϧͰ͋ͬͯ΋ɼ୺຤ i+ 1͸ΩϟϦΞηϯεঢ়ଶʹ͋Δ͜ͱʹͳ
Δɽ͜ͷ͜ͱΛߟྀ͢Δͱ
pti = 1− e
−(ri−1P (Ti−1=0|Ti=0)+ri+1P (Ti+1=0|Ti=0))Tsɽ (4.4)
͜͜ͰɼTi = s͸୺຤ i͕ঢ়ଶ sʹ͋Δࣄ৅Λද͓ͯ͠ΓɼP (Ti−1 = 0|Ti = 0)͸୺຤ i
͕νϟωϧΞΠυϧঢ়ଶͷͱ͖ʹɼ୺຤ i− 1͕νϟωϧΞΠυϧঢ়ଶͰ͋Δ৚݅෇֬཰
ͷҙຯʹͳΔɽ୺຤ i͕νϟωϧΞΠυϧঢ়ଶͷͱ͖͸ɼ୺຤ i− 1͸ΞΠυϧ΋͘͠͸
ΩϟϦΞηϯεঢ়ଶʹ͋Γɼޙऀ͸୺຤ i− 2͕ૹ৴ঢ়ଶʹ͋Δ৔߹ʹݶΒΕΔɽ͜ͷ͜
ͱ͔Β
P (Ti−1 = 0|Ti = 0) ≈
pi
(0)
i−1
pi
(0)
i−1 + pi
(3)
i−1 · (pi
(1)
i−2 + pi
(2)
i−2)
ɼ
P (Ti+1 = 0|Ti = 0) ≈
pi
(0)
i+1
pi
(0)
i+1 + pi
(3)
i+1 · (pi
(1)
i+2 + pi
(2)
i+2)
ɽ
͜͜Ͱɼ
pi
(0)
i
def
= pii(0, 0
∗) +
Ki∑
k=0
pii(k, 0)ɼ pi(1)i def=
Ki∑
k=0
pii(k, 1)ɼ
pi
(2)
i
def
=
Ki∑
k=0
pii(k, 2)ɼ pi(3)i def= pii(0, 3∗) +
Ki∑
k=0
pii(k, 3)ɽ
4.4 ະ஌ύϥϝʔλͷಋग़ํ๏ 49
4.4.2 ΩϟϦΞηϯεঢ়ଶ΁ͷભҠ཰
ΩϟϦΞηϯεঢ়ଶ΁ͷભҠ཰ γi ͸ɼ୺຤ i ͷΩϟϦΞηϯεൣғʹ͋Δ୺຤ͷૹ৴
ঢ়ଶͷ֬཰͔ΒܾఆͰ͖Δɽฏߧํఔ͔ࣜΒɼҎԼͷ͕ࣜಘΒΕΔɽ
µfi pi
(3)
i = γipi
(0)
i , (4.5)
୺຤ i͕ΩϟϦΞηϯεঢ়ଶʹ͋ΔͳΒ͹ɼ୺຤ iͷΩϟϦΞηϯεൣғ಺ͷগͳ͘ͱ΋
1୆ͷ୺຤͕ૹ৴ঢ়ଶʹͳ͚Ε͹ͳΒͳ͍ɽ͜ͷ͜ͱ͔Βɼ
pi
(3)
i = pi
(1)
i−1 + P ({Ti−1 = 2} ∩ {Ti = 3}) + pi
(1)
i+1 + P ({Ti+1 = 2} ∩ {Ti = 3})
−
(
pi
(1)
i−1 + P ({Ti−1 = 2} ∩ {Ti = 3})
)(
pi
(1)
i+1 + P ({Ti+1 = 2} ∩ {Ti = 3})
)
1− pi
(1)
i − pi
(2)
i
ɽ
(4.6)
͜͜Ͱɼӈลͷ࠷ޙͷ߲͸Ϣʔβ i− 1ͷ୺຤͕ૹ৴ঢ়ଶʹ͋ΔظؒͱϢʔβ i+1ͷ୺຤
͕ૹ৴ঢ়ଶʹ͋Δظ͕ؒॏͳΔ͜ͱΛߟྀͨ͠ิਖ਼߲Ͱ͋ΔɽP ({Ti−1 = 2} ∩ {Ti = 3})
͸୺຤ i͕ΩϟϦΞηϯεঢ়ଶʹ͋Γɼ͔ͭ୺຤ i− 1͕ૹ৴ࣦഊঢ়ଶʹ͋Δ֬཰Ͱ͋Δɽ
୺຤ i− 1͕ૹ৴ࣦഊঢ়ଶͷͱ͖͸ɼ୺຤ i͸ૹ৴ࣦഊ΋͘͠͸ΩϟϦΞηϯεঢ়ଶʹ͋
Δ͜ͱ͔Βɼ
P ({Ti−1 = 2} ∩ {Ti = 3}) = P (Ti = 3|Ti−1 = 2)P (Ti−1 = 2) ≈
pi
(2)
i−1pi
(3)
i
pi
(2)
i + pi
(3)
i
ɽ
ಉ༷ʹɼ
P ({Ti+1 = 2} ∩ {Ti = 3}) = P (Ti = 3|Ti+1 = 2)P (Ti+1 = 2) ≈
pi
(2)
i+1pi
(3)
i
pi
(2)
i + pi
(3)
i
ɽ
֤୺຤͕ڝ߹͋͠͏ྡ઀୺຤ͷू߹͸ҟͳΔͨΊɼ୺຤͝ͱʹࣜ (4.6)ͷิਖ਼͕ඞཁͰ
͋Δɽྫ͑͹ɼ୺຤͕ 3୆ (୺຤ 1ɼ2ɼ3)ͷ৔߹ɼ
pi
(3)
1 = pi
(1)
2 + pi
(2)
3 ɼ pi(3)2 = pi(1)1 + pi(1)2 −
pi
(1)
1 pi
(1)
3
1− pi
(1)
2 − pi
(2)
2
ɼ pi(3)3 = pi(1)2 + pi(2)1 ɽ
·ͨɼ୺຤͕ 4୆ (୺຤ 1ɼ2ɼ3ɼ4)ͷ৔߹ɼ
pi
(3)
1 = pi
(1)
2 +
pi
(2)
2 pi
(3)
1
pi
(2)
1 + pi
(3)
1
ɼ pi(3)2 = pi(1)1 + pi(1)3 +
pi
(2)
3 pi
(3)
2
pi
(2)
2 + pi
(3)
2
−
pi
(1)
1
(
pi
(1)
3 +
pi
(2)
3 pi
(3)
2
pi
(2)
2 +pi
(3)
2
)
1− pi
(1)
2 − pi
(2)
2
ɼ
pi
(3)
3 = pi
(1)
2 + pi
(1)
4 +
pi
(2)
2 pi
(3)
3
pi
(2)
3 + pi
(3)
3
−
pi
(1)
4
(
pi
(1)
2 +
pi
(2)
2 pi
(3)
3
pi
(2)
3 +pi
(3)
3
)
1− pi
(1)
3 − pi
(2)
3
ɼ pi(3)4 = pi(1)3 +
pi
(2)
3 pi
(3)
4
pi
(2)
4 + pi
(3)
4
ɽ
50 ୈ 4ষ ςβϦϯάϢʔβີू؀ڥʹ͓͚ΔੑೳධՁ๏
1 2 
3 
4 
(a)
1 4 
3 
2 
(b)
ਤ 4.5: ҰൠతͳωοτϫʔΫϙϩδʔ
Ҏ্Λࣜ (4.5)ʹ୅ೖ͢Ε͹ɼγi ͕ٻΊΒΕΔɽ
4.4.3 ଞͷωοτϫʔΫϙϩδʔ΁ͷ֦ு
Ұൠతʹɼແઢ୺຤͸ඞͣ͠΋ਤ 4.1 ͷΑ͏ʹҰྻʹฒΜͰ͍Δͱ͸ݶΒͳ͍ɽ͔͠
͠ɼಉ͡ڝ߹ؔ܎Λ࣋ͭ୺຤ಉ࢜ΛΫϥελϦϯά͢Δ͜ͱͰɼෳࡶͳωοτϫʔΫτϙ
ϩδʔΛۙࣅͰʮҰྻʯʹू໿Ͱ͖Ε͹ɼલड़ͨ͠ղੳख๏͸ґવͱͯ͠ద༻Ͱ͖Δɽ͜
ͷઅͰɼਤ 4.5ʹࣔͨ͠ 2ͭͷωοτϫʔΫτϙϩδʔΛྫͱͯ͠ɼύϥϝʔλʢptiɼγiʣ
ͷܭࢉྫΛࣔ͢ɽ
·ͣɼਤ 4.5aʹࣔͨ͠γφϦΦΛߟ͑Δɽ͜ͷ৔߹Ͱ͸ɼ୺຤ 2ɼ3ɼ4͕૬ޓʹྡ઀
͢ΔͨΊɼωοτϫʔΫΛ{1}ɼ{2}ɼ{3ɼ4}ͷΑ͏ʹάϧʔϓ෼͚͢Δ͜ͱ͕Ͱ͖Δɽά
ϧʔϓ{3ɼ4} ಺ʹߴʑ 1୆ͷ୺຤͕ૹ৴੒ޭঢ়ଶʹͳΔ͜ͱʹ஫ҙ͢Δͱɼ֤୺຤ͷϑ
ϨʔϜૹ৴ࣦഊ཰ͱΩϟϦΞηϯεঢ়ଶʹ͋Δ֬཰͸ҎԼͰܭࢉ͢Δɽ
pt1 = 1− e
−r2P (T2=0|T1=0)Ts , P (T2 = 0|T1 = 0) ≈
pi
(0)
2
pi
(0)
2 + pi
(3)
2 · (pi
(1)
3 + pi
(1)
4 + pi
(2)
3 )
,
pt2 = 1− e
−
∑
j 6=2 rjTs ,
pt3 = 1− e
−(r4+r2P (T2=0|T3=0))Ts , P (T2 = 0|T3 = 0) ≈
pi
(0)
2
pi
(0)
2 + pi
(3)
2 · pi
(1)
1
,
pt4 = 1− e
−(r3+r2P (T2=0|T4=0))Ts , P (T2 = 0|T4 = 0) ≈
pi
(0)
2
pi
(0)
2 + pi
(3)
2 · pi
(1)
1
.
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pi
(3)
1 = pi
(1)
2 + P ({T2 = 2} ∩ {T1 = 3}) ≈ pi
(1)
2 +
pi
(2)
2 pi
(3)
1
pi
(2)
1 + pi
(3)
1
,
pi
(3)
2 = pi
(1)
1 + pi
(1)
3 + pi
(1)
4 + P ({T3 = 2} ∩ {T2 = 3})
−
pi
(1)
1
(
pi
(1)
3 + pi
(1)
4 + P ({T3 = 2} ∩ {T2 = 3})
)
1− pi
(1)
2 − pi
(2)
2
≈ pi
(1)
1 + pi
(1)
3 + pi
(1)
4 +
pi
(2)
3 pi
(3)
2
pi
(2)
2 + pi
(3)
2
−
pi
(1)
1
(
pi
(1)
3 + pi
(1)
4 +
pi
(2)
3 pi
(3)
2
pi
(2)
2 +pi
(3)
2
)
1− pi
(1)
2 − pi
(2)
2
,
pi
(3)
3 = pi
(1)
2 + pi
(1)
4 + P ({T2 = 2} ∩ {T3 = 3}) ≈ pi
(1)
2 + pi
(1)
4 +
pi
(2)
2 pi
(3)
3
pi
(2)
3 + pi
(3)
3
,
pi
(3)
4 = pi
(1)
2 + pi
(1)
3 + P ({T2 = 2} ∩ {T4 = 3}) ≈ pi
(1)
2 + pi
(1)
3 +
pi
(2)
2 pi
(3)
4
pi
(2)
4 + pi
(3)
4
.
ಉ༷ʹɼਤ 4.5bʹࣔͨ͠γφϦΦ͸ɼ୺຤ 2ͱ୺຤ 3͕ಉ࣌ʹ୺຤ 1ͱ୺຤ 4ʹྡ઀
͢ΔͨΊɼωοτϫʔΫΛ{1}ɼ{2ɼ3}ɼ{4}ͷΑ͏ʹάϧʔϓ෼͚͢Δ͜ͱ͕Ͱ͖Δɽ୺
຤ 1ͱ୺຤ 4͕ૹ৴ঢ়ଶʹ͋Δظ͕ؒॏͳΔՄೳͳ࣌ؒ͸ɼ୺຤ 2ͱ୺຤ 3྆ํͱ΋ૹ
৴͠ͳ͍ؒʹݶΒΕ͍ͯΔ఺ʹ஫ҙ͢Δͱɼ֤୺຤ͷϑϨʔϜૹ৴ࣦഊ཰ͱΩϟϦΞηϯ
εঢ়ଶʹ͋Δ֬཰͸ҎԼͰ༩͑Δɽ
pt1 = 1− e
−(r2P (T2=0|T1=0)+r3P (T3=0|T1=0))Ts , pt2 = 1− e
−
∑
j 6=2 rjTs ,
pt3 = 1− e
−
∑
j 6=3 rjTs , pt4 = 1− e
−(r2P (T2=0|T4=0)+r3P (T3=0|T4=0))Ts ,
P (T2 = 0|T1 = 0) ≈
pi
(0)
2
pi
(0)
2 + pi
(3)
2 · pi
(1)
4
, P (T3 = 0|T1 = 0) ≈
pi
(0)
3
pi
(0)
3 + pi
(3)
3 · pi
(1)
4
,
P (T2 = 0|T4 = 0) ≈
pi
(0)
2
pi
(0)
2 + pi
(3)
2 · pi
(1)
1
, P (T3 = 0|T4 = 0) ≈
pi
(0)
3
pi
(0)
3 + pi
(3)
3 · pi
(1)
1
.
52 ୈ 4ষ ςβϦϯάϢʔβີू؀ڥʹ͓͚ΔੑೳධՁ๏
pi
(3)
1 = pi
(1)
2 + pi
(1)
3 + P ({T2 = 2} ∩ {T1 = 3}) + P ({T4 = 2} ∩ {T2 = 3})
≈ pi
(1)
2 + pi
(1)
3 +
pi
(2)
2 pi
(3)
1
pi
(2)
1 + pi
(3)
1
+
pi
(2)
4 pi
(3)
2
pi
(2)
2 + pi
(3)
2
,
pi
(3)
2 = pi
(1)
1 + P ({T1 = 2} ∩ {T2 = 3}) + pi
(1)
3 + pi
(1)
4 + P ({T4 = 2} ∩ {T2 = 3})
−
pi
(1)
1 · pi
(1)
4
(1− pi
(1)
2 − pi
(2)
2 )(1− pi
(1)
3 − pi
(2)
3 )
≈ pi
(1)
1 + pi
(1)
3 + pi
(1)
4 +
pi
(2)
1 pi
(3)
2
pi
(2)
2 + pi
(3)
2
+
pi
(2)
4 pi
(3)
2
pi
(2)
2 + pi
(3)
2
−
pi
(1)
1 · pi
(1)
4
(1− pi
(1)
2 − pi
(2)
2 )(1− pi
(1)
3 − pi
(2)
3 )
,
pi
(3)
3 = pi
(1)
1 + P ({T1 = 2} ∩ {T3 = 3}) + pi
(1)
2 + pi
(1)
4 + P ({T4 = 2} ∩ {T3 = 3})
−
pi
(1)
1 · pi
(1)
4
(1− pi
(1)
2 − pi
(2)
2 )(1− pi
(1)
3 − pi
(2)
3 )
≈ pi
(1)
1 + pi
(1)
2 + pi
(1)
4 +
pi
(2)
1 pi
(3)
3
pi
(2)
3 + pi
(3)
3
+
pi
(2)
4 pi
(3)
3
pi
(2)
3 + pi
(3)
3
−
pi
(1)
1 · pi
(1)
4
(1− pi
(1)
2 − pi
(2)
2 )(1− pi
(1)
3 − pi
(2)
3 )
,
pi
(3)
4 = pi
(1)
2 + pi
(1)
3 + P ({T2 = 2} ∩ {T4 = 3}) + P ({T1 = 2} ∩ {T2 = 3})
≈ pi
(1)
2 + pi
(1)
3 +
pi
(2)
2 pi
(3)
4
pi
(2)
4 + pi
(3)
4
+
pi
(2)
1 pi
(3)
2
pi
(2)
2 + pi
(3)
2
ɽ
Ҏ্ͷΩϟϦΞηϯεঢ়ଶʹ͋Δ֬཰Λࣜ (4.5)ʹ୅ೖ͢Ε͹ɼγi ͕ٻΊΒΕΔɽ
4.5 ਺஋ධՁ
ෳ਺ͷςβϦϯάϢʔβ͕ۙڑ཭ʹ഑ஔ͞Εɼ֤Ϣʔβ͸ԼΓํ޲ʢεϚʔτϑΥϯˠ
λϒϨοτ୺຤ʣͷ௨৴ͷΈΛߦ͏γφϦΦΛ૝ఆ͢ΔɽεϚʔτϑΥϯʵλϒϨοτ
୺຤ؒͷ௨৴͸ɼද 3.1ʹࣔͨ͠ 802.11aن֨ͷແઢ LANʹΑͬͯߦΘΕΔͱ͢Δɽ֤
Ϣʔβͷૹ৴ෛՙʢ௨৴ྔʣ͸͢΂ͯ౳͍͠৚݅Ͱɼ௨৴ྔΛ૿΍͠ͳ͕Βɼ֤ςβϦϯ
άϢʔβͷεϧʔϓοτͱʢεϚʔτϑΥϯͷ಺෦ʹܗ੒͞ΕΔϑϨʔϜͷʣฏۉ଴ͪߦ
ྻ௕ΛධՁ͢Δɽ
ਤ 4.6ʙਤ 4.11 ͸ɼਤ 4.1ʹࣔͨ͠ςβϦϯάϢʔβ͕ҰྻʹฒΜͰ͍ΔγφϦΦʹɼ
ςβϦϯάϢʔβ਺͕ 3ਓɼ4ਓɼ5ਓͷ৔߹ͷ݁Ռɼਤ 4.12ʙਤ 4.15͸ɼਤ 4.5ʹࣔ͠
ͨγφϦΦͷ݁ՌΛͦΕͧΕࣔͨ͠΋ͷͰ͋Δɽ
Ϣʔβ਺͕ 3ਓͷ৔߹ɼ୺຤ 2ͷΩϟϦΞηϯεൣғʹ୺຤ 1ͱ 3͕ଘࡏ͢Δɽૹ৴
ෛՙ͕ߴ͘ͳΔͱɼ୺຤ 2 ͕୺຤ 1 ͱ୺຤ 3 ͷૹ৴Λ࿈ଓͯ͠ΩϟϦΞηϯε͢Δʢ୺
຤ 1 ͷૹ৴ঢ়ଶͱ୺຤ 3 ͷૹ৴ঢ়ଶ͕࿈ଓͯ͠ଓ͖ɼͦͷؒɼ୺຤ 2 ͸ܧଓͯ͠ΩϟϦ
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Ξηϯεঢ়ଶʹ͋Δʣ͜ͱʹͳΓɼૹ৴ස౓͕େ෯ʹݮগ͠ɼ๞࿨ঢ়ଶεϧʔϓοτ͸
3.26MbpsʢγϛϡϨʔγϣϯ࣮ݧ஋ɼҎԼಉ͡ʣ͔͠ͳ͍ɽಉ༷ʹɼϢʔβ਺͕ 4ਓͷγ
φϦΦͰ͸ɼਅΜதʹ͋Δ୺຤ 2ɼ3ͱ྆୺ͷ୺຤ 1ɼ4ͷεϧʔϓοτ͕େ͖͘ҟͳΔෆ
ެฏ໰୊͕ੜ͡ΔɽҰํɼϢʔβ਺͕ 5ਓͷγφϦΦʹ͓͍ͯɼਅΜதʹ͋Δ୺຤ 3͸૬
ରతʹߴ͍εϧʔϓοτ͕ಘΒΕͨɽ͜ͷγφϦΦͰɼ୺຤ 1ͱ 5ͷׯবΛड͚ɼ୺຤ 2
ͱ 4ͷૹ৴ස౓͕ݮগͨ݁͠Ռɼ୺຤ 3͕΄ͱΜͲ୺຤ 2ͱ 4ʹӨڹ͞Εͣɼνϟωϧ
Λಠ઎ͯ͠ૹ৴Ͱ͖͍ͯΔɽ
ਤ 4.5ʹࣔͨ͠γφϦΦͰ͸ɼςβϦϯάϢʔβ਺͕ 3ਓͰҰྻʹฒΜͰ͍Δ৔߹ͱಉ
͡Α͏ʹɼதԝʹҐஔ͢Δ୺຤ͱ྆୺ͷ୺຤͸εϧʔϓοτੑೳ͕େ͖͘ҟͳΔݱ৅͕ݟ
͑Δɽਤ 4.5aʹࣔͨ͠γφϦΦͰ͸ɼਅΜதͷ୺຤ 2͸ଞͷ 3୆ͷ୺຤ͷૹ৴Λ࿈ଓ͠
ͯΩϟϦΞηϯεͨͨ͠Ίɼ๞࿨ঢ়ଶͷεϧʔϓοτ͸͞Βʹݮগͨ͠ʢ2.15Mbpsʣɽ୺
຤ 3ͱ୺຤ 4ͷ๞࿨εϧʔϓοτͷ૯࿨͸ɼେମ୺຤ 1ʹ૬౰͢ΔɽҰํɼਤ 4.5bʹࣔ
ͨ͠γφϦΦͰ͸ɼਅΜதʹ 2 ୆ͷ୺຤͕ଘࡏͨͨ͠Ίɼ྆୺ͷ୺຤͕ࢥ͍੾Γʹૹ৴
͢Δঢ়گ͕গʑվળ͞Εɼ୺຤ 2ͱ୺຤ 3ͷ๞࿨εϧʔϓοτ͸߹ܭͰ 5.38Mbpsʹͳͬ
ͨɽ͍ͣΕͷέʔεʹ͓͍ͯ΋ɼఏҊϞσϧʹΑΔղੳ݁Ռ͸γϛϡϨʔγϣϯ݁ՌʹҰ
க͍ͯ͠Δɽ
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ਤ 4.6: εϧʔϓοτʢҰྻʹ 3Ϣʔβʣ
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ਤ 4.7: ฏۉ଴ͪߦྻ௕ʢҰྻʹ 3Ϣʔβʣ
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ਤ 4.8: εϧʔϓοτʢҰྻʹ 4Ϣʔβʣ
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ਤ 4.9: ฏۉ଴ͪߦྻ௕ʢҰྻʹ 4Ϣʔβʣ
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ਤ 4.10: εϧʔϓοτʢҰྻʹ 5Ϣʔβʣ
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ਤ 4.11: ฏۉ଴ͪߦྻ௕ʢҰྻʹ 5Ϣʔβʣ
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ਤ 4.12: εϧʔϓοτʢਤ 4.5aγφϦΦʣ
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ਤ 4.13: ฏۉ଴ͪߦྻ௕ʢਤ 4.5aγφϦΦʣ
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ਤ 4.14: εϧʔϓοτʢਤ 4.5bγφϦΦʣ
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ਤ 4.15: ฏۉ଴ͪߦྻ௕ʢਤ 4.5bγφϦΦʣ
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ਤ 4.6ʙਤ 4.11ɼ͓Αͼਤ 4.12ʙਤ 4.15 ʹࣔͨ͠਺஋ྫʹ͓͍ͯɼ๞࿨ঢ়ଶͷεϧʔ
ϓοτʢ֤ਤͷӈ୺ͷεϧʔϓοτʣͷγϛϡϨʔγϣϯ݁Ռͱղੳ݁Ռͱͷؒʹ͸एׯ
ͷࠩҟ͕͋Δɽ͜͜Ͱߟ͑ͨγφϦΦʢෳ਺ͷςβϦϯάϢʔβ͕ۙڑ཭ʹҐஔ͢Δγφ
ϦΦʣʹ͓͍ͯɼ๞࿨ঢ়ଶʹ͓͚ΔεϧʔϓοτΛධՁͰ͖Δطଘݕ౼ͷ୅දྫʹ BoE
๏ [34]͕͋Δɽͦ͜Ͱɼ๞࿨ঢ়ଶͷεϧʔϓοτʹ͍ͭͯɼຊষͰఏҊ͢Δख๏ͱ BoE
๏ͱͷਫ਼౓ൺֱΛߦͬͨɽҎԼ͕ɼBoE๏ͷܭࢉखॱͰ͋Δɽ
– ௨৴ϦϯΫؒͷڝ߹άϥϑΛநग़͢Δɽ
– ڝ߹άϥϑ͔Β͢΂ͯͷϦϯΫͷ࠷େಠཱू߹ʢMISsʣΛٻΊΔɽ
– ϦϯΫ i ͷਖ਼نԽ͞Εͨεϧʔϓοτ ni/n ΛٻΊΔɽʢni: ϦϯΫ i ΛؚΊͨ MIS
ͷ਺ɼn: εςοϓ 2ͰٻΊͨMISͷ૯࿨ʣ
– ਖ਼نԽεϧʔϓοτΛ࣮ࡍͷεϧʔϓοτʹม׵͢ΔɽʢThactual = Thnorm ·
Thsinglelinkʣ
࣮ࡍͷεϧʔϓοτʹม׵͢ΔࡍʹɼUDPϑϩʔ͕ 1ຊͷΈଘࡏ͢Δ৔߹ͷ๞࿨εϧʔ
ϓοτ Thsinglelink ͸ 29.86MbpsͰܭࢉ͢Δɽ
ൺֱ݁ՌΛਤ 4.16ʙਤ 4.20 ʹࣔ͢ɽ͍ͣΕͷέʔεͰ΋ɼఏҊख๏ʹΑΓٻΊͨε
ϧʔϓοτ஋͸ BoE๏ʹΑΓٻΊͨεϧʔϓοτ஋ΑΓ΋ɼγϛϡϨʔγϣϯ݁Ռͱྑ
͘Ұக͍ͯ͠ΔɽBoE๏ʹΑΔεϧʔϓοτධՁ͸ɼૹ৴ස౓͕ۃΊͯগͳ͍୺຤ͷૹ৴
Λ͋͑ͯߟྀͤͣɼ୺຤ؒͷϑϨʔϜিಥ΍ϑϨʔϜ࠶ૹʹΑΔόοΫΦϑظؒͷࢦ਺૿
େͳͲͷӨڹΛແࢹ͓ͯ͠Γɽ͜ΕΒ͕ BoE๏ͷແࢹ͑͠ͳ͍ޡࠩཁҼͱͳ͍ͬͯΔͱ
ߟ͑ΒΕΔɽ
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ਤ 4.16: ๞࿨ঢ়ଶεϧʔϓοτʢҰྻʹ 3Ϣʔβʣ
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ਤ 4.17: ๞࿨ঢ়ଶεϧʔϓοτʢҰྻʹ 4Ϣʔβʣ
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ਤ 4.19: ๞࿨ঢ়ଶεϧʔϓοτʢਤ 4.5aγφϦΦʣ








	
 	
 	
 	















	  
ਤ 4.20: ๞࿨ঢ়ଶεϧʔϓοτʢਤ 4.5bγφϦΦʣ
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4.6 ·ͱΊ
ຊষͰ͸ෳ਺ͷςβϦϯάϢʔβ͕ޓ͍ʹۙ͘ʹ͍ΔγφϦΦͰͷεϧʔϓοτੑೳͷ
ղੳධՁ๏ʹ͍ͭͯݕ౼ͨ͠ɽຊষͷγφϦΦͰ͸ɼ֤୺຤ͷΩϟϦΞηϯεൣғʹશ୺
຤ؚ͕·ΕΔΘ͚ͳ͍ͨΊɼӅΕ୺຤΍͞Β͠୺຤͕ଘࡏ͢ΔՄೳੑ͕͋ΔɽӅΕ୺຤΍
͞Β͠୺຤͕ଘࡏ͢Δ഑ஔͰͷղੳ͸ҰൠʹඇৗʹෳࡶͰ͋ΓɼBoEϞσϧͷΑ͏ʹطଘ
ݕ౼ͷଟ͘͸๞࿨ঢ়ଶͷεϧʔϓοτͷۙࣅܭࢉΛࢼΈΔϨϕϧʹͱͲ·͍ͬͯΔɽຊݚ
ڀͰ͸ɼӅΕ୺຤΍͞Β͠୺຤͕ଘࡏ͢Δ৔߹Ͱ΋ඇ๞࿨ঢ়ଶͷεϧʔϓοτΛܭࢉՄೳ
ͳΑ͏ʹ 3ষͷϞσϧΛ֦ு͠ɼςβϦϯάϢʔβ͕ີू؀ڥΛྫʹͱͬͯεϧʔϓοτ
ੑೳͷධՁ๏Λࣔͨ͠ɽγϛϡϨʔγϣϯ݁ՌΑΓɼఏҊख๏͸ඇ๞࿨৚݅ͰͷධՁ͕Մ
ೳͳ͚ͩͰͳ͘ɼ๞࿨৚݅ʹ͓͍ͯ΋ BoEϞσϧΑΓߴ͍ਫ਼౓Ͱεϧʔϓοτੑೳ͕ධ
ՁͰ͖Δ͜ͱ͕໌Β͔ͱͳͬͨɽ
63
ୈ 5ষ
ϑϨʔϜૹ৴࣌ؒͷ୺຤ґଘੑΛߟ
ྀͨ͠ੑೳධՁख๏
3ষͰड़΂ͨධՁϞσϧͰ͸ɼϑϨʔϜαΠζ΍ϑϨʔϜૹ৴࣌ؒ͸શͯͷ୺຤ʹڞ௨
ͰɼϏοτΤϥʔൃੜཁҼʹΑΔϑϨʔϜͷଛࣦ΋ߟྀ͞Ε͍ͯͳ͔ͬͨɽ࣮ࡍͷແઢ௨
৴؀ڥͰ͸ɼࡶԻʹൺͯ͠৴߸ΛӡͿి೾ͷڧ౓͕௿͔ͬͨΓɼϚϧνύεϑΣʔδϯά
͕ଟൃͨ͠Γ͢ΔͳͲɼి೾؀ڥ͕ྼѱͳ৔߹ʹ͸ɼϏοτΤϥʔʹΑΔϑϨʔϜଛࣦ͕
ੜ͡ΔɽϏοτΤϥʔϨʔτʢBit Error Rate: BERʣ͕Ұఆͷ৔߹ɼϑϨʔϜαΠζ͕௕
͍΄Ͳɼύέοτ͕ਖ਼͘͠ड৴͞ΕΔ֬཰͕௿Լ͢Δɽ·ͨɼແઢ LANͰ͸ɼϏοτΤ
ϥʔϨʔτΛద੾ͳ஋ʹҡ࣋͢ΔͨΊʹෳ਺ͷ఻ૹϨʔτ͕نఆ͞Ε͓ͯΓɼϏοτΤ
ϥʔͷൃੜঢ়گʹԠͯ͡ɼࣗಈతʹద੾ͳ఻ૹϨʔτ͕બ୒͞ΕΔ࢓૊Έ͕औΓೖΕΒΕ
͍ͯΔɽҰൠʹɼి೾؀ڥ͕ྼѱͰߴ଎ͷ఻ૹϨʔτΛҡ࣋Ͱ͖ͳ͍৔߹ʹ͸ɼ௿଎ͳ఻
ૹϨʔτͷ੾Γସ͕͑ߦΘΕɼి೾؀ڥ͕ྑ޷ͳ৔߹͸ΑΓߴ଎ͳ఻ૹσʔτʹ੾Γସ͑
ΒΕΔɽ୺຤ʹΑΓɼ఻ૹϨʔτ͕ҟͳΔ৔߹ɼͨͱ͑ϑϨʔϜͷαΠζ͕౳͘͠ͱ΋ɼ
ϑϨʔϜͷૹ৴ʹཁ͢Δ࣌ؒ͸୺຤ຖʹҟͳΔ͜ͱʹͳΔɽ
༷ʑͳૹ৴࣌ؒΛཁ͢ΔϑϨʔϜ͕ࠞࡏ͢Δ৔߹ɼϑϨʔϜিಥ࣌ͷϑϨʔϜૹ৴࣌ؒ
͸ɼিಥʹૺ۰ͨ͠ϑϨʔϜͷதͰૹ৴ʹ࠷΋࣌ؒͷ͔͔ΔϑϨʔϜͷૹ৴࣌ؒʹ౳͘͠
ͳΔɽিಥΛى͜͢୺຤ͷ૊Έ߹ΘͤΛશͯߟྀͯ͠িಥ࣌ͷϑϨʔϜૹ৴࣌ؒΛܾఆ͢
Δͷ͸༰қͰͳ͘ɼ୺຤਺͕૿͑ΔͱিಥΛى͜͢୺຤ͷ૊Έ߹Θͤ਺͕രൃ͢Δɽૹ৴
͕༷࣌ؒʑͳϑϨʔϜ͕ࠞࡏ͢Δ৔߹ΛऔΓѻͬͨ Wi-Fi ͷੑೳղੳ๏͸ز͔ͭଘࡏ͢
Δ [30, 31]͕ɼ૊Έ߹Θͤ਺ͷരൃ΁ͷରॲ·Ͱ૝ఆͨ͠ख๏͸ଘࡏ͠ͳ͍ʢଟ͘͸ۙࣅ
ͰͷղੳʹͱͲ·͍ͬͯΔʣɽຊষͰ͸ɼϑϨʔϜ௕΍ϑϨʔϜૹ৴଎౓ʹج͍ͮͯ୺຤
Λز͔ͭͷʮʢ୺຤ʣλΠϓʯʹ෼ྨ͠·ͱΊͯѻ͏͜ͱͰɼিಥ࣌ͷϑϨʔϜૹ৴࣌ؒ
Λɼݫີ͔ͭޮ཰తʹࢉग़͢Δ͜ͱΛՄೳͱ͢ΔղੳϞσϧͷ֦ுʹ͍ͭͯड़΂Δɽ
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5.1 ର৅Ϟσϧ
ແઢ୺຤ͱ 1୆ͷΞΫηεϙΠϯτʢҎԼɼAPʣ͔Βߏ੒͞ΕΔγϯάϧϗοϓແઢ
LANΛߟ͑ΔɽӅΕ୺຤΍͞Β͠୺຤͸ଘࡏ͠ͳ͍ͱ͢Δɽ୺຤͸ૹ৴͢ΔϑϨʔϜα
Πζ΍఻ૹϨʔτͷҟͳΔ I छྨͷλΠϓʹ෼ྨ͞ΕΔɽλΠϓ iʢ1 ≤ i ≤ Iʣͷ୺຤ͷ
୆਺ɼϑϨʔϜૹ৴͓࣌ؒΑͼϑϨʔϜ௕Λ NiɼTD(i)͓ΑͼDi Ͱද͢ɽλΠϓ iͷ୺
຤͸࠷େ Ki ݸͷϑϨʔϜΛ֨ೲͰ͖Δૹ৴όοϑΝΛ࣋ͪɼ౸ண཰ λi ͷϙΞιϯաఔ
ʹैͬͯϑϨʔϜ͕ൃੜ͢ΔʢΞϓϦέʔγϣϯ͕ϑϨʔϜΛੜ੒ɼ΋͘͠͸༗ઢܦ༝Ͱ
ϑϨʔϜΛड৴͢Δʣͱ͢Δɽ
ϑϨʔϜͷૹ৴ࣦഊ͸ɼෳ਺ͷ୺຤͕ϑϨʔϜΛಉ࣌ૹ৴͢Δ͜ͱʹΑΔϑϨʔϜ
িಥɼ΋͘͠͸ϑϨʔϜ಺ͷϏοτΤϥʔʹΑΓੜ͡Δͱ͢Δɽ୺຤͕ૹ৴͢Δࡍʹ
ϏοτΤϥʔΛੜ͡Δ֬཰Λ pe ͱ͢ΔͱɼD ϏοτͷϑϨʔϜ͕ϏοτΤϥʔʹΑ
ΓଛࣦͱͳΔ֬཰͸ 1 − (1 − pe)D ʹ౳͍͠ͱ͢ΔɽҎԼɼҰൠੑΛଛͳ͏͜ͱͳ͘ɼ
TD(1) ≥ TD(2) ≥ · · · ≥ TD(I)ΛԾఆ͢Δɽ
5.2 ঢ়ଶભҠ
ղੳʹ͸ 3ষͰઆ໌ͨ͠୺຤ͷϚΫϩঢ়ଶදݱΛ༻͍ͨੑೳධՁख๏Λجຊతʹར༻͢
Δɽ୺຤ͷঢ়ଶભҠ͸ਤ 3.2ͱਤ 3.3ʹࣔͨ͠௨ΓͰ͋Δɽµsi ͸λΠϓ iʹଐ͢Δ୺຤ͷ
ঢ়ଶ 1ͷܧଓ࣌ؒͷظ଴஋ͷٯ਺Λද͢ɽµsi ͸ҎԼͰ༩͑ΒΕΔɽ
µsi =
1
TD(i) + SIFS + TACK +DIFS
ɼ TD(i) = Di/Rdata(i).
µciɼµ˜siɼµ˜ci ͸ɼͦΕͧΕλΠϓ iʹଐ͢Δ୺຤ͷঢ়ଶ 2ɼঢ়ଶ 3ɼঢ়ଶ 4ͷܧଓ࣌ؒͷظ
଴஋ͷٯ਺Λද͢ɽ͜ΕΒ͸ɼண໨͢Δ୺຤Ҏ֎ͷ୺຤ͷϑϨʔϜૹ৴࣌ؒʹґଘ͠ɼϑ
ϨʔϜૹ৴͕࣌ؒ୺຤ʹΑΓҟͳΔ৔߹͸ɼͦͷࢉग़͕ඇৗʹෳࡶʹͳΔɽ͜Εʹ͍ͭͯ
͸ 5.3અͰઆ໌͢Δɽ
5.3 ୺຤ґଘੑΛߟྀͨ͠ϑϨʔϜૹ৴࣌ؒࢉग़๏
ਤ 5.1 ʹࣔ͢Α͏ʹɼૹ৴ࣦഊ࣌ͷϑϨʔϜૹ৴࣌ؒ͸ɼૹ৴͞ΕͨϑϨʔϜͷ͏ͪɼ
ૹ৴ʹ࠷΋͕͔͔࣌ؒΔϑϨʔϜͷૹ৴࣌ؒͰܾఆ͞ΕΔɽҎԼɼ͜ͷ఺Λߟྀͯ͠ɼঢ়
ଶ 2ɼ3ɼ4ͷܧଓ࣌ؒʢ1/µciɼ1/µ˜siɼ1/µ˜ci )ͱϑϨʔϜૹ৴ࣦഊ֬཰ʢptiɼpfiʣͷٻΊํ
ʹ͍ͭͯઆ໌͢Δɽ
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ਤ 5.1: িಥ࣌ͷϑϨʔϜૹ৴࣌ؒ
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5.3.1 ૹ৴ࣦഊ࣌ͷϑϨʔϜૹ৴࣌ؒ
λΠϓ i ͷ୺຤͕ϑϨʔϜૹ৴ΛࢼΈɼૹ৴ʹࣦഊͨ͠ͱ͖ͷঢ়ଶ 2 ͷฏۉܧଓ࣌ؒ
1/µci ΛٻΊΔɽλΠϓ iͷ୺຤͕ૹ৴ʹࣦഊ͢Δࣄ৅Λ Fi ͱه͢ɽFi ͸ɼഉ൓ͳҎԼͷ
ೋͭͷࣄ৅ʹ෼͚ΒΕΔɽ
Fi,1: ౰֘୺຤ͷΈ͕ϑϨʔϜΛૹ৴͠ɼϏοτΤϥʔʹΑΓૹ৴ʹࣦഊ
Fi,2: ౰֘୺຤Ҏ֎ͷ୺຤͕ϑϨʔϜΛૹ৴͠ɼϑϨʔϜিಥ͕ൃੜ
ҎԼ͕ಘΒΕΔɽ
P (Fi,1) = e
−
∑I
j=1 N˜j(i)rjTs
(
1− (1− pe)
Di
)
.
͜͜Ͱɼri ͸λΠϓ iͷ୺຤͕ɼνϟωϧΞΠυϧঢ়ଶʹ͓͍ͯૹ৴Λ࢝ΊΔස౓ʢ୯Ґ
࣌ؒ͋ͨΓͷૹ৴։࢝ճ਺ʣͰ͋ΔɽN˜j(i)͸ҎԼͰఆٛ͞ΕΔɽ
N˜j(i) =
{
Nj − 1, j = i
Nj . j 6= i
λΠϓ iͷ 1୆ͷ୺຤ʢҎԼɼ୺຤ Aʣ͕ϑϨʔϜૹ৴ΛࢼΈͨͱ͖ʹɼλΠϓ 1͔Βλ
Πϓ j − 1ͷʢ୺຤ AҎ֎ͷʣͲͷ୺຤΋ૹ৴ΛߦΘͳ͍͕ɼλΠϓ j ͷʢ୺຤ AҎ֎
ͷʣগͳ͘ͱ΋ 1୆Ҏ্ͷ୺຤͕ૹ৴Λߦ͏ࣄ৅Λ F (j)i,2 ͱه͢ɽҎԼ͕ಘΒΕΔɽ
P (F
(j)
i,2 ) = e
−
∑j−1
k=1 N˜k(i)rkTs(1− e−N˜j(i)rjTs).
F
(1)
i,2 , . . . , F
(I)
i,2 ͸ޓ͍ʹഎ൓ͳࣄ৅Ͱ͋Δ͔Β
P (Fi,2) =
I∑
j=1
P (F
(j)
i,2 ) = 1− e
−
∑I
j=1 N˜j(i)rjTs .
Ҏ্ΑΓɼλΠϓ iͷ୺຤͕ૹ৴ʹࣦഊ͢Δ֬཰ pti = P (Fi)͸
pti = P (Fi,1) + P (Fi,2)
= 1− e−
∑I
j=1 N˜j(i)rjTs(1− pe)
Di .
ࣄ৅ F (j)i,2 ʹ͓͚ΔϑϨʔϜૹ৴࣌ؒ͸ TD(j)(i > j)΋͘͠͸ TD(i)(i ≤ j)ʹ౳͍͜͠
ͱʹ஫ҙ͢Δͱɼ
1/µci =

TD(i)P (Fi,1) +
i−1∑
j=1
TD(j)P (F
(j)
i,2 ) + TD(i)
I∑
j=i
P (F
(j)
i,2 )

 /P (Fi)
+ EIFS.
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5.3.2 ଴ػதͷ୺຤͕؍ଌ͢ΔϑϨʔϜૹ৴࣌ؒ
λΠϓ iͷ୺຤ͷঢ়ଶ 3ͷฏۉܧଓ࣌ؒ 1/µ˜si ΛٻΊΔɽλΠϓ iͷ 1୆ͷ୺຤͕଴ػ
தʹɼλΠϓ j ͷ 1୆ͷ୺຤ͷΈ͕ૹ৴Λߦ͏ࣄ৅Λ S(j)i ͱه͢ͱɼ
1/µ˜si =
∑I
j=1 TD(j)P (S
(j)
i )∑I
j=1 P (S
(j)
i )
+ SIFS + TACK +DIFS.
͜͜ͰɼP (S(j)i )͸ҎԼͰܭࢉͰ͖Δɽ
P (S
(j)
i ) = N˜j(i)(1− e
−rjTs)e−
∑I
k=1 N˜k(i)rkTs+rjTs(1− pe)
Di .
࣍ʹɼλΠϓ iͷঢ়ଶ 4ͷฏۉܧଓ࣌ؒ 1/µ˜ci ΛٻΊΔɽλΠϓ iͷ̍୆ͷ୺຤ʢ୺຤
Aʣ͕଴ػதʹɼ୺຤ AҎ֎ͷଞͷ୺຤͕ϑϨʔϜΛૹ৴͠ɼૹ৴ʹࣦഊ͢Δࣄ৅Λ F˜i
ͱه͢ɽF˜i ͸ɼഉ൓ͳҎԼͷೋͭͷࣄ৅ʹ෼͚ΒΕΔɽ
F˜i,1: ୺຤ AҎ֎ͷͨͩҰ୆ͷ୺຤͕ϑϨʔϜΛૹ৴͠ɼϏοτΤϥʔʹΑΓૹ৴ʹࣦഊ
F˜i,2: ୺຤ AҎ֎ͷෳ਺ͷ୺຤͕ϑϨʔϜΛૹ৴͠ɼϑϨʔϜিಥ͕ൃੜ
ࣄ৅ F˜i,1 ʹ͓͍ͯɼϑϨʔϜΛૹ৴ͨ͠୺຤͕λΠϓ j ʹଐ͢Δࣄ৅Λ F˜ (j)i,1 ͱ͢Δͱ
P (F˜
(j)
i,1 ) = N˜j(i)(1− e
−rjTs)e−
∑I
k=1 N˜k(i)rkTs+rjTs
(
1− (1− pe)
Dj
)
.
F˜
(1)
i,1 , . . . , F˜
(I)
i,1 ͸ޓ͍ʹഎ൓ͳࣄ৅Ͱ͋Δ͔Β
P (F˜i,1) =
I∑
j=1
N˜j(i)(1− e
−rjTs)e−
∑I
k=1 N˜k(i)rkTs+rjTs
(
1− (1− pe)
Dj
)
.
࣍ʹɼࣄ৅ F˜i,2 ʹ͓͍ͯɼλΠϓ 1͔ΒλΠϓ j − 1ͷͲͷ୺຤΋ૹ৴ΛߦΘͳ͍͕ɼ
λΠϓ j ͷ୺຤͕ϑϨʔϜΛૹ৴͠ɼૹ৴ʹࣦഊ͢Δࣄ৅Λ F˜ (j)i,2 ͱ͢Δͱ
P (F˜
(j)
i,2 )
= e−
∑j−1
k=1 N˜k(i)rkTs
(
1− e−N˜j(i)rkTs − N˜j(i)(1− e
−rjTs)e−
∑I
k=j N˜k(i)rkTs+rjTs
)
= e−
∑j−1
k=1 N˜k(i)rkTs(1− e−N˜j(i)rj(i)Ts)− N˜j(i)(1− e
−rjTs)e−
∑I
k=1 N˜k(i)rkTs+rjTs .
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F˜
(1)
i,2 , . . . , F˜
(I)
i,2 ͸ޓ͍ʹഎ൓ͳࣄ৅Ͱ͋Δ͔Β
P (F˜i,2) =
I∑
j=1
P (F˜
(j)
i,2 )
= 1− e−
∑I
j=1 N˜j(i)rjTs
−
I∑
j=1
N˜j(i)(1− e
−rjTs)e−
∑I
k=1 N˜k(i)rkTs+rjTs .
Ҏ্ΑΓɼ
P (F˜i) = P (F˜i,1) + P (F˜i,2)
= 1− e−
∑I
j=1 N˜j(i)rjTs
−
I∑
j=1
N˜j(i)(1− e
−rjTs)e−
∑I
k=1 N˜k(i)rkTs+rjTs(1− pe)
Dj .
ࣄ৅ F˜ (j)i def= F˜ (j)i,1 + F˜ (j)i,2 ͷ΋ͱͰͷϑϨʔϜૹ৴࣌ؒ͸ TD(j)ʹ౳͍͜͠ͱ͔ΒɼλΠ
ϓ iͷ୺຤ͷঢ়ଶ 4ͷฏۉܧଓ࣌ؒ͸ҎԼͰٻΊΒΕΔɽ
1/µ˜ci =
∑I
j=1 TD(j)P (F˜
(j)
i )
P (F˜i)
+ EIFS.
λΠϓ iͷ୺຤ʢ୺຤ Aʣ͕ʢ୺຤ AҎ֎ͷ୺຤ͷϑϨʔϜૹ৴ʹΑΓʣΩϟϦΞηϯ
εঢ়ଶʹભҠͨ͠ࡍʹɼભҠઌ͕ঢ়ଶ 4Ͱ͋Δ֬཰ pfi ͸࣍ࣜͰಘΒΕΔɽ
pfi =
P (F˜i)
1− e−
∑
I
j=1 N˜j(i)rjTs
.
5.4 ਺஋ධՁ
ਤ 3.4ʹࣔͨ͠γϯάϧϗοϓແઢ LANγφϦΦΛߟ͑Δɽ֤୺຤͸ಉ͡ແઢνϟω
ϧΛڞ༻͠ɼ౳ྔͷૹ৴ෛՙͰยํ޲ͷૹ৴ʢ୺຤→APʣΛߦ͏ɽϑϨʔϜૹ৴ࣦഊ͸
ϏοτΤϥʔͷൃੜ΍ϑϨʔϜিಥͷͲͪΒ͔ʹΑΓੜ͡Δͱͨ͠ɽγφϦΦ 1͸ɼϏο
τΤϥʔ͕ൃੜ͢Δແઢ LAN؀ڥΛߟ͑ΔɽγφϦΦ 2͸ɼϑϨʔϜ௕ͷҟͳΔ 3λΠ
ϓͷ୺຤͕ࠞࡏ͢Δ৔߹Λߟ͑ΔɽγφϦΦ 3͸ɼσʔλૹ৴Ϩʔτ͕ҟͳΔ৔߹Λߟ͑
Δɽද 5.1ʹγϛϡϨʔγϣϯͷ৚݅Λࣔ͢ɽ
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ද 5.1: γϛϡϨʔγϣϯ৚݅
DataRate (Rdata) 6ɼ24ɼ54 Mbps
BasicRate (Rack) 6 Mbps
SIFS 16 µs
DIFS 34 µs
EIFS 88 µs
SlotTime (Ts) 9 µs
CWmin 15
CWmax 1023
RetryLimit 7
FrameSize 500ɼ1000ɼ1500 bytes
BER 0ɼ1.0e−5ɼ5.0e−5ɼ1.0e−4
BufferSize 100 frames
5.4.1 γφϦΦ 1ɿϏοτΤϥʔ͕ൃੜ͢Δແઢ LAN؀ڥ
·ͣɼϏοτΤϥʔ͕ൃੜ͢Δແઢ LAN؀ڥʹ͓͍ͯɼ๞࿨ঢ়ଶʹ͋Δ୺຤ͷ୆਺Λ
૿΍͠ͳ͕ΒɼωοτϫʔΫͷ૯εϧʔϓοτʢਤ 5.2ʣͱ֤୺຤͝ͱͷૹ৴ࣦഊ֬཰ (ਤ
5.3)ΛධՁͨ͠ɽਤʹ͓͍࣮ͯઢ͸ղੳϞσϧʹΑΔ݁Ռɼϓϩοτ͸γϛϡϨʔγϣϯ
ʹΑΔ݁ՌΛද͢ɽ֤୺຤͸ 1500όΠτ௕ͷσʔλϑϨʔϜΛ࢖༻͍ͯ͠Δͱ͢Δɽ૯
εϧʔϓοτɼૹ৴ࣦഊ֬཰ͷ͍ͣΕ΋ɼγϛϡϨʔγϣϯͱղੳϞσϧʹΑΔ݁Ռ͸
ྑ͘Ұக͍ͯ͠Δɽ·ͨɼϏοτΤϥʔϨʔτ͕௿͍؀ڥʢBER = 0ɼ1.0 × 10−5ʣͰ
͸ɼ୺຤਺ͷ૿Ճʹ൐͍ɼ૯εϧʔϓοτ͕ݮগ͢Δɽ͜ͷεϧʔϓοτͷݮগ͸ϑϨʔ
Ϝিಥͷස౓͕૿େͨ͜͠ͱʹΑΔͱߟ͑ΒΕΔɽҰํɼϏοτΤϥʔϨʔτ͕ߴ͍؀ڥ
ʢBER = 5.0 × 10−5ɼ1.0 × 10−4ʣͰ͸ɼ୺຤਺͕গͳ͍ঢ়گͰ΋ɼओͱͯ͠ϏοτΤ
ϥʔͷཁҼʹΑΓ 40%Ҏ্ͷ֬཰ͰϑϨʔϜૹ৴ʹࣦഊ͢ΔͨΊɼ୺຤਺ͷ૿Ճʹ൐͍ɼ
ΏΔ΍͔ʹ૯εϧʔϓοτ͸૿Ճ͢Δɽ
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5.4.2 γφϦΦ 2ɿϑϨʔϜ௕͕ҟͳΔ৔߹
࣍ʹɼϑϨʔϜ௕ͷҟͳΔ 3λΠϓʢλΠϓ 1: 1500 byteɼλΠϓ 2: 1000 byteɼλΠϓ
3: 500 byteʣͷ୺຤͕ࠞࡏ͢Δ؀ڥͰɼ֤λΠϓ͕๞࿨ঢ়ଶͰͷεϧʔϓοτʢਤ 5.4ʣɼ
ඇ๞࿨ঢ়ଶͰͷεϧʔϓοτʢਤ 5.5ʣͱඇ๞࿨ঢ়ଶͰͷฏۉ଴ͪߦྻ௕ʢਤ 5.6ʣΛධՁ
ͨ͠ɽ͍ͣΕͷ৔߹Ͱ΋ɼ֤୺຤ͷϑϨʔϜૹ৴Ϩʔτ͸ 54Mbpsͱ͠ɼϏοτΤϥʔͷ
ൃੜʹΑΔϑϨʔϜૹ৴ࣦഊΛߟྀ͠ͳ͍ɽ࣮ઢ͸ղੳϞσϧʹΑΔ݁Ռɼϓϩοτ͸γ
ϛϡϨʔγϣϯʹΑΔ݁ՌͰ͋Δɽ
๞࿨ঢ়ଶͷγφϦΦͰ͸ɼ֤λΠϓͷ୺຤ͷ୆਺ൺΛ 1 : 1 : 1ͱ͠ͳ͕Βɼ૯୺຤୆਺
Λ 3୆͔Β 30୆·Ͱม͑ͯɼλΠϓຖͷ૯εϧʔϓοτΛධՁͨ͠ɽਤ 5.4ʹࣔ͢Α͏
ʹɼγϛϡϨʔγϣϯͱղੳϞσϧʹΑΔ݁Ռ͸ྑ͘Ұக͍ͯ͠Δɽ๞࿨৚݅Ͱ͸֤୺຤
ͷૹ৴ػձ͸ۉ౳ʹ༩͑ΒΕΔͷͰɼϑϨʔϜ͕୹͍΄ͲɼಘΒΕΔεϧʔϓοτ͸ݮগ
͢Δ͸ͣͰ͋Δ͕ɼ༧૝௨Γͷ݁Ռ͕ಘΒΕ͍ͯΔɽ͜ͷγφϦΦͰ͸ɼ୺຤ͷ୆਺͸࠷
େͰ 30୆Ͱ͋Γɼিಥ࣌ͷϑϨʔϜૹ৴தͷ୺຤ͷ૊Έ߹Θͤ਺͸๲େʹͳΔ͕ɼఏҊ
ϞσϧΛ༻͍Δͱɼεϧʔϓοτ͸਺ඵͰධՁͰ͖Δɽ
ඇ๞࿨ঢ়ଶͷγφϦΦͰ͸ɼϑϨʔϜ௕ͷҟͳΔ 3 λΠϓͷ୺຤͕ 5 ୆ͣͭଘࡏ͢Δ
έʔεʹ͓͍ͯɼ֤୺຤ͷૹ৴σʔλྔΛଗ͑ͳ͕Βඇ๞࿨ঢ়ଶ͔Β๞࿨ঢ়ଶ·Ͱ૿Ճ͞
ͤͨɽਤ 5.5͕ࣔ͢Α͏ʹɼෛՙΛ૿Ճ͍ͤͯ͘͞ͱɼϑϨʔϜ͕୹͍΄Ͳ୺຤͸ૣ͘๞
࿨͢Δɽ͜Ε͸ɼ֤୺຤ͷૹ৴σʔλྔ͕౳͍͠৔߹ɼϑϨʔϜ͕୹͍΄ͲϑϨʔϜૹ৴
ස౓͕େ͖͘ͳΔͨΊͱߟ͑ΒΕΔɽ͞ΒʹෛՙΛ্͍͛ͯ͘ͱɼ΍͕ͯશମ͕๞࿨͢Δ
͕ɼ֤୺຤ͷૹ৴ػձ͸ۉ౳ʹͳΔͨΊɼ๞࿨ঢ়ଶҠߦޙ͸ϑϨʔϜ͕୹͍΄Ͳεϧʔ
ϓοτ͸খ͘͞ͳΔɽ
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5.4.3 γφϦΦ 3ɿσʔλૹ৴Ϩʔτ͕ҟͳΔ৔߹
࠷ޙʹɼσʔλૹ৴଎౓͕ߴ͍ʢ54Mbpsʣ୺຤ͱɼσʔλૹ৴଎౓ͷ௿͍ʢ24Mbpsɼ
΋͘͠͸ 6Mbpsʣ୺຤͕ܭ 5୆ଘࡏ͢Δ؀ڥʹ͓͍ͯɼ֤୺຤ͷૹ৴ෛՙΛଗ͑ͳ͕Β૿
Ճͤͨ͞ͱ͖ͷɼ֤୺຤ͷεϧʔϓοτʢਤ 5.7ʣ͓ΑͼϑϨʔϜͷฏۉ଴ͪߦྻ௕ʢਤ
5.8ʣΛධՁͨ͠ɽ֤୺຤͸ 1500όΠτͷϑϨʔϜΛૹ৴͠ɼϏοτΤϥʔ͸ൃੜ͠ͳ͍
΋ͷͱͨ͠ɽਤʹ͸ɼ(1)શͯ 54Mbpsɼ(2)̍୆ͷΈ 24Mbpsɼ(3)̍୆ͷΈ 6Mbpsɼ(4)2
୆͕ 6Mbpsͷ 4௨Γͷ݁ՌΛࣔͨ͠ɽγϛϡϨʔγϣϯͱղੳϞσϧʹΑΔ݁Ռ͸ྑ͘
Ұக͍ͯ͠Δɽ·ͨɼૹ৴ϨΠτͷ௿͍୺຤͕ࠞࡏ͢Δ΄Ͳεϧʔϓοτ͕௿Լ͢Δɽ1
ϑϨʔϜͷૹ৴࣌ؒ͸ɼૹ৴Ϩʔτ͕ߴ͍୺຤ΑΓ΋௿͍୺຤ͷํ͕௕͍ͨΊɼߴ͍ૹ
৴ϨʔτΛར༻͢Δ୺຤ͷΩϟϦΞηϯε͕࣌ؒ௕͘ͳΔɽ͜ΕʹΑΓɼແઢ LANશ୺
຤ͷεϧʔϓοτੑೳ͸ɼ࠷΋௨৴଎౓ͷ௿͍୺຤ʹܾΊΒΕΔɽ͍ΘΏΔ Performance
Anomaly [46]ͱݺ͹ΕΔݱ৅͕֬ೝͰ͖Δɽ
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ਤ 5.7: ֤୺຤ͷεϧʔϓοτʢϚϧνૹ৴Ϩʔτ؀ڥ: ඇ๞࿨ঢ়ଶʣ
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ਤ 5.8: ֤୺຤ͷฏۉ଴ͪߦྻ௕ʢϚϧνૹ৴Ϩʔτ؀ڥ: ඇ๞࿨ঢ়ଶʣ
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5.5 ·ͱΊ
ຊষͰ͸ɼ୺຤Λগ਺ͷϚΫϩঢ়ଶʹॖ໿ͯ͠දݱ͠ɼঢ়ଶͱ଴ͪߦྻ௕ͷมԽΛ࿈ଓ
࣌ؒϚϧίϑ࿈࠯Ͱදݱ͢ΔੑೳղੳϞσϧΛɼϑϨʔϜ௕΍σʔλૹ৴Ϩʔτ͕୺຤ʹ
ΑͬͯҟͳΔ৔߹Λѻ͑ΔΑ͏ʹ֦ுͨ͠ɽ୺຤਺͕ଟ͍৔߹Ͱ͸ɼিಥΛى͜͢୺຤ͷ
૊Έ߹ΘͤΛશͯߟྀͯ͠িಥ࣌ͷϑϨʔϜૹ৴࣌ؒΛܾఆ͢Δͷ͸༰қͰͳ͍ɽղੳϞ
σϧͰ͸ɼিಥ࣌ͷϑϨʔϜૹ৴࣌ؒΛݫີʹ͔ͭεέʔϥϒϧͳܭࢉྔͰධՁ͢Δख๏
Λࣔͨ͠ɽ
77
ୈ 6ষ
݁࿦
ຊ࿦จͰ͸ɼIEEE 802.11ن֨ʹجͮ͘ແઢ LANΛݚڀର৅ͱ͠ɼ(1)୺຤಺ͷϑϨʔ
Ϝ଴ͪߦྻ௕Λߟྀͨ͠ඇ๞࿨ঢ়ଶੑೳධՁख๏ɼ(2)ςβϦϯάϢʔβີू؀ڥʹ͓͚
ΔੑೳධՁख๏ɼ(3)ϑϨʔϜ௕΍ϑϨʔϜૹ৴଎౓ͷ୺຤ґଘੑΛߟྀͨ͠ੑೳධՁख
๏ΛͦΕͧΕఏҊͨ͠ɽ
·ͣʮ଴ͪߦྻ௕Λߟྀͨ͠ඇ๞࿨ঢ়ଶੑೳධՁख๏ʯʹ͍ͭͯ͸ɼ୺຤ͷঢ়ଶΛগ਺
ͷϚΫϩঢ়ଶʢνϟωϧΞΠυϧঢ়ଶɼૹ৴ঢ়ଶɼΩϟϦΞηϯεঢ়ଶʣʹॖ໿ͯ͠දݱ
͢Δ͜ͱͰɼ୺຤಺ͷϑϨʔϜ଴ͪߦྻ௕Λߟྀͨ͠৔߹ʹ͓͍ͯ΋ঢ়ଶ਺ͷա౓ͷ૿େ
Λ཈͑ΒΕɼ୺຤ͷঢ়ଶͱ଴ͪߦྻ௕ͷมԽΛ࿈ଓ࣌ؒϚϧίϑ࿈࠯Ͱ௥͏͜ͱ͕Մೳʹ
ͳΔɽ୺຤ؒͷ૬ޓؔ܎͕ฏۉ৔ۙࣅʹΑΓදݱ͢Δ͜ͱͰɼ୺຤͝ͱʹఆৗঢ়ଶ֬཰Λ
ܭࢉ͢Δख๏Λ࠾༻ͨ͠ɽ͜ΕʹΑΓɼैདྷɼ೉ղͰ͋ͬͨඇ๞࿨ঢ়ଶʹ͓͚ΔϑϨʔϜ
଴ͪߦྻ௕ͷղੳ͕༰қʹͳΔ͜ͱΛࣔͨ͠ɽ਺஋ධՁʹΑΓɼղੳϞσϧͰ༻͍ͨࢦ਺
෼෍ͷԾఆʢϚϧίϑϞσϧʹै͏ͱ͢ΔԾఆʣ͸ɼIEEE 802.11γεςϜͷεϧʔϓο
τੑೳͳͲΛղੳతʹධՁ͢Δࡍͷຊ࣭తͳޡࠩཁҼͱ͸ͳΒͳ͍͜ͱΛ֬ೝͨ͠ɽ
͍࣍Ͱɼ্هͷੑೳධՁख๏ΛʮςβϦϯάϢʔβີू؀ڥʹ͓͚ΔੑೳධՁख๏ʯʹ
ద༻ͨ͠ɽຊ࿦จͰ͸ɼෳ਺ͷςβϦϯάϢʔβ͕ޓ͍ʹۙ͘ʹ͍Δঢ়گΛ૝ఆ͠ɼ্ه
ͷੑೳධՁख๏Λద༻͢Δ͜ͱͰɼ͜Ε·Ͱѻ͍͕೉͔ͬͨ͠৚݅Ͱͷεϧʔϓοτੑೳ
ղੳ͕ՄೳʹͳΔ͜ͱΛࣔͨ͠ɽIEEE 802.11ແઢ LANͰ͸ɼ֤୺຤͕νϟωϧͷ࢖༻
ঢ়گʹԠͯࣗ͡཯෼ࢄతʹϑϨʔϜૹ৴λΠϛϯάΛܾఆ͢Δ DCF͕༻͍ΒΕΔɽྡ઀
͢Δແઢ LANͱͷҐஔؔ܎ʹΑΓɼແઢ LANͷεϧʔϓοτੑೳΛେ͖͘Өڹ͢ΔՄ
ೳੑ͕͋ΔɽఏҊϞσϧ͸ɼෳ਺ͷςβϦϯάϢʔβ͕ଘࡏ͢Δ؀ڥͰ͸ɼςβϦϯά
Ϣʔβؒͷి೾ׯবʹΑΓɼಛఆͷϢʔβ୺຤ͷεϧʔϓοτ͕ۃ୺ʹ௿Լ͢Δݱ৅͕Έ
ΒΕΔ͜ͱΛࣔͨ͠ɽ
࠷ޙʹɼ্هͷੑೳධՁख๏Λ֤୺຤ͷϑϨʔϜૹ৴͕࣌ؒҟͳΔέʔεΛѻ͑ΔΑ͏
ʹ֦ுͨ͠ɽϑϨʔϜিಥ࣌ͷϑϨʔϜૹ৴࣌ؒʢϑϨʔϜૹ৴தͷ୺຤ʹΑΓνϟωϧ
78 ୈ 6ষ ݁࿦
͕઎༗͞Ε͍ͯΔ࣌ؒʣ͸ɼিಥʹ͋ͬͨϑϨʔϜͷ͏ͪૹ৴ʹ࠷΋͕͔͔࣌ؒΔϑϨʔ
Ϝͷૹ৴࣌ؒʹ౳͍͠ɽিಥΛى͜͢୺຤ͷ૊Έ߹ΘͤΛશͯߟྀͯ͠ɼিಥ࣌ͷϑϨʔ
Ϝૹ৴࣌ؒΛܾఆ͢Δͷ͸༰қͰͳ͘ɼ୺຤਺͕૿͑ΔͱিಥΛى͜͢୺຤ͷ૊Έ߹Θͤ
΋രൃతʹ૿͑ΔɽఏҊϞσϧ͸ɼૹ৴࣌ʹϏοτΤϥʔʹΑΔૹ৴ࣦഊͷӨڹΛߟྀ
͠ɼিಥ͢ΔࡍͷϑϨʔϜૹ৴࣌ؒΛɼݫີʹ͔ͭগͳ͍ܭࢉྔͰޮ཰తʹධՁ͢Δ͜ͱ
Λࣔͨ͠ɽ
ࠓޙͷ՝୊ͱͯ͠ɼʢ1ʣӅΕ୺຤໰୊Λѻ͑ΔϞσϧ΁ͷ֦ுɼʢ2ʣෳ਺ແઢ LANଘ
ࡏ؀ڥͰͷಛఆͷΞϓϦέʔγϣϯͷ඼࣭อূٕज़ʢ3ʣϑϨʔϜ௕΍σʔλ఻ૹϨʔτ
͕֬཰తʹมԽ͢Δ৔߹΁ͷ֦ுɼ౳͕ߟ͑ΒΕΔɽ
79
෇࿥ A
ฏߧํఔࣜ (3.1)ɼ(3.2)ɼ(3.3)ͷղ
͖ํ
ࣜ (3.2)ΑΓɼpii(0, 0∗)Λ༻͍ͯɼpii(0, 3∗), pii(0, 4∗)ͱ pii(0, 0)Λ࣍ͷΑ͏ʹܭࢉ͢Δɽ
pii(0, 3
∗) =
γi(1− p
f
i )
λi + µ˜si
pii(0, 0
∗),
pii(0, 4
∗) =
γip
f
i
λi + µ˜ci
pii(0, 0
∗),
pii(0, 0) =
[
(λi + γi)−
µ˜si (1− ai)γi(1− p
f
i )
λi + µ˜si
−
µ˜ciγip
f
i
λi + µ˜ci
]
pii(0, 0
∗)
νi
.
pii(0, 0)͕ಘΒΕͨ͜ͱʹΑΓɼࣜ (3.2)ͷ 4൪໨ͱ 5൪໨ͷࣜͰ pii(0, 3)ͱ pii(0, 4)͕࣍
ͰٻΊΒΕΔɽ
pii(0, 3) =
γi(1− p
f
i )
λi + µ˜si
pii(0, 0), pii(0, 4) =
γip
f
i
λi + µ˜ci
pii(0, 0).
࣍ʹɼࣜ (3.2)ͷ֤ࣜͷࠨลͱӈลΛ߹ΘͤΔ͜ͱʹΑΓɼҎԼͷ͕ࣜಘΒΕΔɽ
λipii(0) + µ˜
s
iai(pii(0, 3) + pii(0, 3
∗)) = µsipii(1, 1),
pii(0)
def
=
4∑
l=0
pii(0, l) + pii(0, 3
∗) + pii(0, 4
∗).
ैͬͯɼpii(1, 1)͸࣍ͷΑ͏ʹٻΊΔɽ
pii(1, 1) =
λipii(0) + µ˜
s
iai(pii(0, 3) + pii(0, 3
∗))
µsi
.
80 ෇࿥ A ฏߧํఔࣜ (3.1)ɼ(3.2)ɼ(3.3)ͷղ͖ํ
pii(1, 1)͕ط஌ͷͨΊɼࣜ (3.1)ͷ 2൪໨ͷࣜΑΓɼpii(1, 0)͕ٻΊΒΕΔɽ
pii(1, 0) =
λi + µ
s
i
νi(1− pti)
pii(1, 1)−
λi
νi
pii(0, 0
∗)−
µ˜siai
νi
pii(0, 3
∗). (A.1)
pii(1, 0)Λ༻͍ͯɼࣜ (3.1)ͷ 3ɼ4ɼ5൪໨ͷࣜΑΓ pii(1, 2), pii(1, 3)ͱ pii(1, 4)͕ಘΒΕ
Δɽͦͯ͠ɼࣜ (3.1)ͷࠨลͱӈลͷ૯࿨ΛऔΔ͜ͱͰɼ͕࣍ಘΒΕΔɽ
λipii(1) + µ
s
iaipii(1, 3) = µ
s
ipii(2, 1),ɹpii(1) def=
4∑
l=0
pii(1, l). (A.2)
Αͬͯɼpii(2, 1)͕ٻΊΒΕΔɽ
pii(2, 1) =
λipii(1) + µ˜
s
iaipii(1, 3)
µsi
. (A.3)
Ҏ߱ɼಉ༷ͷखॱͰ pii(j, l)(Ki−1)j=2 ͕઴ԽతʹܭࢉͰ͖Δɽpii(Ki, 1) ΛҎԼͷΑ͏ʹٻ
ΊΔɽ
pii(Ki, 1) =
λipii(Ki − 1) + µ˜
s
iaipii(Ki − 1, 3)
µsi
.
ࣜ (3.3)ͷ 2൪໨ͷ͔ࣜΒɼ pii(Ki, 0)͕ٻΊΒΕΔɽ
pii(Ki, 0) =
µsi
νi(1− pti)
pii(Ki, 1)−
λi
νi(1− pti)
pii(Ki − 1, 1).
ͦͷޙɼࣜ (3.3)ͷ 3ɼ4ɼ5൪໨ͷࣜΑΓɼpii(Ki, 2) pii(Ki, 3)ͱ pii(Ki, 4)͕ಘΒΕΔɽ
pii(0, 0
∗)ɹͷ஋͸ɼશ֬཰͕ 1Ͱ͋Δ͜ͱ͔Β࠷ऴతʹٻΊΔɽ
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ຊ࿦จ͸චऀ͕ઍ༿େֶେֶӃ޻ֶݚڀՊݐஙɾ౎ࢢՊֶઐ߈ത࢜ޙظ՝ఔʹࡏ੶தͷ
ݚڀ੒ՌΛ·ͱΊͨ΋ͷͰ͋Δɽ
ݚڀΛਐΊΔʹ͋ͨΓɼଟ͘ͷํʑ͔Β͝ࢦಋ͍͚ͨͩͨ͜ͱΛײँ͍ͨ͠·͢ɽݚڀ
ʹؔͯ͠ద੾ͳ͝ࢦಋΛͩ͘͞Γɼͦͷଞʹ΋༷ʑͳ໘Ͱ͓ੈ࿩ʹͳΓ·ͨ͠Ԙాໜ༤ڭ
तʹਂ͘ײँ͍ͨ͠·͢ɽ
ຊ࿦จΛ·ͱΊΔʹࡍ͠ɼ༗ӹͳΔ͝ॿݴΛ௖͖·ͨ͠ɼओࠪͷಉઐ߈ڭतਢ֋߁༤ઌ
ੜɼ෭ओࠪͷಉઐ߈।ڭत٢ଜത޾ઌੜɼͳΒͼʹɼ෭ओࠪͷಉେֶӃ༥߹ՊֶݚڀՊ।
ڭतؔ԰େ༤ઌੜʹਂँͷҙΛද͠·͢ɽ
·ͨɼຊݚڀͰ࢖༻ͨ͠ແઢ LANγϛϡϨʔλͷιʔείʔυΛշ͘͝ఏڙԼͬͨ͞ɼ
ઍ༿େֶͷؔ԰େ༤ઌੜɼখࣨ৴تઌੜʹਂँ͢Δɽ
ݚڀΛਐΊΔ্Ͱɼແઢ LAN ੑೳධՁΛઐ߈͢Δݚڀऀಉ࢜ͱަྲྀ͢Δ৔Λ͓࡞Γɼ
༗ӹͳ͝ॿݴΛ௖͖·໊ͨ͠ݹ԰େֶ৘ใج൫ηϯλʔͷଜ੉ษڭतʹײँ͍ͨ͠·͢ɽ
͞Βʹɼཹֶੜ׆ʹ͝ࢧԉΛ௖͖·ͨ͠Ԙాݚڀࣨͷօ༷ͱ੾᛭ୖຏ͠ͳ͕ΒݚڀΛͰ
͖ͨ͜ͱΛඇৗʹوॏͳܦݧͩͱࢥ͍·͢ɽ੣ʹ͋Γ͕ͱ͏͍͟͝·ͨ͠ɽ
຤චͳ͕Βɼ͜Ε·ͰͷਓੜͰ໎࿭Λ͔͚͖ͯ·ͨ྆͠਌͓ΑͼࢧԉΛ௖͖·ͨ͠Ո଒
ʹײँͷݴ༿Λ࢒͍ͨ͠ͱࢥ͍·͢ɽ
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